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ABSTRACT 

Concerns about the current educational technology 
movement are discussed in these four papers which were presented 
during a seminar of 20 representatives from 10 Council for 
Educational Develo^ent and Research (CEDaR) member institutions. The 
first by Marcella Pitts and E. Joseph Schneider provides an overview 
of the educational technology movement and discusses current use of 
and interest in technology in schools. The paper distinguishes 
differences between educational technology and technological 
gadgetry, cautioning against indiscriminate use of technological 
hardware without instructional expertise. The second paper by Alan M. 
Lesgold focuses on ways basic instructional principles derived from 
education and psychology can be applied to computer-based 
instruction. Three seminar themes are highlighted in the third paper 
by Richard E. Schutz: (1) the capability for CEDaR member 
institutions to advance educational technology and school improvement 
through programmatic research and development; (2) the possibility 
for CEDaR institutions to combine their expertise to explore 
instructional applications of technology; and (3) the problems of 
injudicious application of technology to educational problems. The 
final paper presents the views of a panel of experts, who cosaaent on 
the services that research and develo^ent organizations can provide 
to schools and make specific recoaaaendat ions about technology-related 
research issues. Each paper begins with a short ;^umary, and 
references are listed for the first and third papers. (LMM) 
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Preface 



Twcntv representatives from ten rKDaR-mem^er institutions attenr'cd a scnimar, 
"Kduoational Technolo^: Bright Promise or Dim Future*^'*, in Washinj^ton, H.r.. 
J\me 1-3, 1 981. The seminar was sponsored hv CEDaR's ^oonerative School 
Improvement (CSl) proj^ram. This volume is a renort of that seminar— the papers 
nresenteH, the i 5>ues fiiseussed, and the roooerative steps the f'KnaH-mrmher 
institutions agreed to initiate in ednrational teehnoloj^v. 

During t le course of the seminar, participants raisp^ several concerns a^out the 
current teehnolo^ movement. First, school personnel are uncertam atx>ut how 
and when to use teehnologv to improve instruction even thou^*^ schools are 
Durchasin^ technological hardware at an in^^reasin^ rate. Second, the 
technolo^rical hardware is becoming more and more sophisticated hut there arc 
few hi^h-qualitv pro^rranns available which utilize the technolopv. Third, the 
private, profit makers, a dominant oresence in the technolog'v movement, will 
continue lo expand their investment in education. In*^ustrv specialists have a 
limited understanding of the instructional principles that sHonM q-uide the 
develoDmeni of technolo^-relate^ materials. Fourth, school oersonnel, and 
perhaps the educational research and develooment communitv, will be blamed for 
the fact that technolo^ has not made a remarkable difference in schools or in 
students' learninry* 

The Institutions oecided that thev should come forward to assist school personnel 
in making informed decisions about technoloprv an^ in making the best 
instructional use of technolotfv. Consequently, thev resolved to undertake a 
collaborative oroiect and develop for the school-based community materials 
school personnel can use to ^^iide their purchase of technolof^v and its use in 
classroom instruction. 
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Introrluetion 



In earlv June, representatives from the rFDaR-memher institutions met in Washington, 
n.r. to discuss the promises and nitfalls of educational technolocrv. '^'he two-dav 
seminar, '^Educational Technolo?\': Hrifrht Promise or Dim Future'^", was sponsored hy 
PEHaR's TooDerative School Improvement program, an effort that encourages 
collaborative ventures amontr the institutions desi<rned to imorove educational practiee. 
Educational technolo^ was an area in which the TEHaR members felt thev should 
consider initiatiner a coonerative school improvement project. 

Ourin^ the course of the session, oarticioants examined technoloev's hrif^ht oromisc in 
relation to its current use in schools and the state-of-the-art of technolog'v-relate'^ 
instruction. Thev discussed the federal government's and Coneress^ suoDort of 
educational technoloev and the orivate, orofitmakine sector's role in technolop:^^*s entrv 
into schools. Their conclusion: current trends in these areas oreview a dim future for 
educational technolosv, if thev are not challenged. 

The institutions resolved that the role of research and devclonment oreani^atJons 
committed to school improvement is to challenge these trends. Ponsequentlv, thev 
agreed to develop, cooperativelv, tools school personnel can use to face the challenq-es 
and address the problems technolo^'s entrance into schools poses for them* 

We are indebted to Robert G, Scanlon, Pennsvlvania's Seeretarv of Education, who in his 
opening remarks set the charge for the meetme «nd stimulated t^e discussion that 
followed. 

E. Joseph Schneider 
Executive Director 
Council for Educational 
Development Research 

Alienist 1981 
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"Educational Technology: Bright Promise or Dim 
Future?" 



Marcella Pitts and E. Joseph Schneider 

Council for Educational Development and Research 



An Introduction to 
•^Educational Technology: Brigtit Promise or Dim Future?" 



'*Kduffttionfll Technoloev: Bri^t Promise or Him Future^", hv Mfiroella Pitt'^ an^ 
R. Jospoh Schneider, orovides ah overview of the eciucntionnl technolncrv 
movement. 

The authors examine schoolV current use of technoloft^s the private sector's 
activities in the education market and elsewhere, ^ on^rressional interest in 
educational technolo^^ and the federal bureaucracy's current and future sunport 
for technolo^-related research and development. 

The authors cautic^ that the r^Vd community can ill afford to see technolon-icnl 
hardware flood ^^chools, have Itttle effect on imnrovmri education, and he iMhcllr^^ 
a failure. 

Basic to the paoer is a distinction between educational technoloqv and 
technolo^Tical ead^etrv. Kdueational technoloev has obiectives based on research 
in human learning and communication and uses both human and non-human 
resources to brinf^ about more effective leamincr. x^e indiscriminate use of 
technolo^cal hardware in the classroom, without blending the ennabilitv of the 
machines vnth instr^jctional exnertise to brines abot more effective learnincr, i^ 
technolo^cal ejadcretrv. TheTEnaR institution*;' task, the authors enncluHe, i«*. 
furthering educational technolofr^ to imorove schools. 
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Educational Technolognr: Bri^it Promise or Dim Future? 



Marcella R. Pitts and E. Joseph Schneider 
Council for Edueatioral Development and Research 

A rvnic rnie^it siicmest that the current e<^urational terhnolopv boom is to the S0< 
what the ciirriciihim devolopment movement was to the BO^. Their advocate*? 
certainly sound much alike. Everv oositive adjective excent '^Danacea^' i«? u'^e^ to 
describe the impact technolof^ will make on learning. Panacea isn*t used because 
franklv not even a computer salesman thinks there's much hooe for some schools 
and/or some children* Rut that doesn't orevent the hardware manufacturers and 
their customers in the sunermten^ent's suite, or th^ir ^olleaq'ues m thp research 
communitv and the Dublishin^r mdustrv, from shouting to each other that thcv had 
better fifet on board or this oarade will oass them bv. 

Beyond a doubt, education is bein^ bombarded with the virtues of the machine. 
The tunes demand it. An important se^Tment of the ^Tenernl nublic thmks schools 
are lousv and ^ettin^ worse. The economies of education practically dictate th^t 
we find a way to educate children while lessening the enormous nersonnel costs 
associated with the task* And the ^^ad^cts promising? to help cut costs exist in 
abundance n^t now, amazm^ kids and thpir parents both with their amusement 
and entertainment capability. Obviously, educational technoloerv is more than a 
oassin?! fad. 

But v^here's the educational research and development community'^ Well, one 
thin^ is obvious: the educational research communitv isn't out in front on this 
movement* Kducational technolo^v is bein? driven by the hardware 
manufacturers, the machine salesmen, and their hire*'' courseware developers. 
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Our DHDer, then, i'? written out of fru^^tration* We worrv that the contributions 
ef^ueational research can make to the e<^ucational technoloerv movement are at 
hest heine: t<rnor^H, The snnh mi<Tht He tolerable if it wasn't so nainfnllv oHvious 
that heiner ignored freouentlv means we're beine rejected. And franklv, the 
research communitv can ill afford to sit bv and watch electronic eadetet^ invade 
the Duhlio schools. If the ead^ets fail to achieve their niirposes, which certainly 
seems likelv at thi<: staec in thetr develooment, then thev vill soon he stored awav 
in closets and labeled another "innovative failure/' Such failures, we have learned 
from our earlier e\T>eriences with curriculum development, tend to haunt the 
re sear oh communitv even vears later. 



*^o our oaocr has two p^iroo^cs. H'e want to share with the narttcipants at the 
roonerativc School Improvement {CSO seminar what we see ^oine on in the 
educational lechnolonv movement. H>11 take a look at the schools to see what 
use thev currpntlv make of the new wi7,Rrdv. Then weMl soend a few oa^es 
nxplorin<T with voii the commercial sector's dreams and marketinc^ plans. Because 
wr denen<^ on them so much, weMl next visit with our friends in the federal 
burcRucracv to see how thev are sDreadine their wealth to further the 
movement. No vi^it with the JTOvernment wouM be comolete without some 
f-ufsorv di«irnssion of thp visions bem^ olaved out in the U.S. Poneress, 



Wp'II poncluHp t^ie naper, then, with two scenenos. The first is neeative. It's the 
nat^ we're currently charting for ourselves, though. It's also the familiar path; 
^ve've ftone Ho^vn it bofore. The other sceneno is optimistic It foresees a malor 
role for the rKOaH-member institutions in this rush to introduce ^adsfets into the 
elns^^room. Unfortunately, this scenerio requires some changes in the wav we do 
business and in the wnv we relate to the other actor*; m this drama. Whether or 
not we're canahle of reali7.in^ the optimistic scenario will be the basis for 
d^eussion at the ^^eminar. 



if/ 
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EducstioMl Teehnolo^ or EdttnttomI Gad^ts? 



Ricctit UD front we mi^t just as well frraoole with a little controver v. H'hen we 
talk about educational technolo^, are we simnlv acknowler^^in^ the existence of 
just so manv meoes of hardware and machinery*^ E^^iicators have certainly learned 
the hard wav that eyen the fanciest machines with the most impressiye leyers, 
buttons, and color^coded dials have an uncannv ability to first bore and eventually 
alienate their users. Of course there^s more to educational technolofrv than media 
and machines. But lust how much more is ouestionable. So before we ^o on, let's 
define technolo$tv as we would like to think it exists, Ifere's a definition that suits 
our Durooses: 



Educational technoloerv ^oes bevond anv oarticular mednim or 
device. In this sense, educational technolo^v is more than the sum 
of its Darts. It is a systematic wav of desi^nin^, carrying out, and 
evaluating the total orocess of learning and teachincr in terms of 
specific objectives, based xj^on research in human learning? and 
communication, and emolovine ft combination of human and non- 
human resources to brin^ about more effective learninc^ (1970 
President's Commission on Instruction and Technoloev). 



Hot bad. It certainly reinforces our profession's legitimate involvement in t iC 
movement. In other words, this definition views educational technolofrv as a nrooess 
rather than merely the aoolication of electronic ^adeetrv to education. And of some 
importance, believe, the definition emphasizes the necessarv interaction between 
humans and machines . . to brin^ about more effective learning." 



From where we stand, weVe ^oin^ to insist that anvthini^ carrying the '^educational 
technolo^" label live up to the loftv definition spyen us by the nresidential commission. 
And we're ^om^ to be oarticularlv concerned about the activity's ability to demonstrate 
that (l) its objectives are based i^on research in human learning and communication; (2^ 
it uses both human and non-human rc^urces; and (3) it brines about more effecttve 
learning. 
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If the activity within the e<^ucfttional teohnolo^ arena isn^t of the blue-vein variety 
Hesoriber^ above, we're ^omq: to label it for what it probably is: efiiioational ^ad^etry 
having no nr^ore rer^eeminj qualities than the fact its proHnots mi^t just entertain or 
amuse the user. 

For the s^ako of discussion, we'^e i^oin^ to ^o one step further. I.et^s lust say that 
anything th^^t results from educational technolo^v is ^'c^ood." And anything short of that, 
oriiir^ft tional tradgetry , in other words, is ^^had/' Rverv resource used m a classroom should 
diroetiv or indirectly result in increased achievement amon^ puDils. If it doesn't, the 
"resource'* becomes a detriment, robbinrr the student of valuable time and ener^ needed 
for mranint^ftil instruction and learniner* 

Scliools Slow To Eml^aee Ec^iatioral G^^trv 

Without question, educational ^adeetrv is filtering into schools. Sales of classroom 
micro CO FTiputers and other audio-visual materials were up in 1980 and the increase is 
oxnected to continue. In fact, the National Au^io-Visual Association anticipates an 
mrrease in ^ales even tbou£^h federal funding patterns, inflation^ and declining 
enrollment^ all work air^inst lon^-term industry ^oaH. 

One of t^ie older toehnoloftiCfU device^ currently in u^e m schools is mstructional 
telovision i\V\), Xooroximatelv 15 million children received a re^ilar portion of their 
instruction from ITV, accordine to a 1977 National Tenter for Educational Statistics 
(Mr^f:S^ 'survey. 

Vhv w^r^ of broadcast and cable television in clas^^rooms will undoubtedly be affected by 
teehnnlnp-icMl advances in satellite communications and emer^in^ new hardware such as 
vidoofhses, Tfiese advance^ should increase the ran^e of procrpams available to schools 
nnd their annlicntions in the classrooms. Furthermore, television and videodisc are 
be^nnmr: to link un with cornDUter«?. 
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Nevertheless education's interest in television as an instructional tool ha% shifter^ to 
commiters, especiallv microcomputers. Prononents of technolo^ nredict a revolulion in 
comouter-hased education in the next several vears. If so, vveMl see more comouters and 
a wider aoDlieation of them for insii iictional purooses. 



The government's mo^t recent statistics show that about half of the nation^s school 
districts provide students with access to a microcomputer or at the verv least, a 
computer terminal. That's about 52,000 comtxiters. 



When we be^n to examine individual school building use, though, NHES tells us that one 
out of everv four public schools in its sample had at least one microcommiter or 
computer. Half of the secondarv sch<K)ls have t^m compared to m\v 14 percent of the 
element^v schools. 



Tt^ NCES sttidv also shows that comouter availaNlitv within school flistricts is limited. 
Students in about three^fourths of tt^ districts with microcomfHiters have fewer than 
five available for their use. And in the mafcK-itv of districts, onlv one school has access 
to t*« har*^ware. 



Not surprising, then, instructional use of the computers is restricted. The primary use, 
feoofted bv 85 percent of the districts surveved, is in "commiter literacy" courses. Other 
instructional applications e "to improve learning in selected subiect areas (72 percent) 
and "to challenge high achievers'* (64 p^cent). Fewer than half (45 percent) of the 
dstricts use computers for "remedial and compensatory imtri^ticm." This last statistic 
is interesting because schools were thought to use their commiters for "«^ill and 
practice" application. 



The survey suggests that school district make the most efficient use of their limited 
number of computers by introducing students to the world of electronic gadgets through 
literacy courses; applving them in specific subject areas; and using them to motivate and 
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rewftr<^ hn^t students. 



The TOvernment's survevor^ <iM not ^at^ier data (m afiministrative use of computers, an 
aoolicaticm which we susDCCt f«r outj^tnps mstructionftl use. An earlier survey r^id reveal 
that adminktrative uses f^Dminated instructional uses bv a ratio of nearlv three to one 
(Kofotkin, 

The relativelv limited use of computers m schools is a sharp contrast to the predictions 
Rhout the revolution m comptiter-Hased education. The technolo^^ revolution, in other 
wrrds, has started. But it's moving slowlv. 

l^'hile technolotn/'s potential is attractive, certainly in the attract, numerous o^^taeles 
pxist to prevent it from becoming an integral part of schwlint. These obstacles ^mU not 
prevent the increased use of technolo^cal ^ad^etrv, but thev are substantial roadblocks 
Xo mtetrratin^ t^e hardware into approaches that solve educational problems. 

Hi^criesl Ohstaclas to Sdiort^ Use of Teelirto^ 

The use of technological fjadffetrv in educatiOT certainly isn't nev/. Educators have been 
Mfloptinf^ new technoloirical devices, media^ and systems for the past 60 years if we listen 
to Ralnh Tvl^^r (1 980), Some ^a*^ets, such as t^ overhead orojector, caurht on quickly 
and were widely adopted. Others, such as teaching machines, have had little impact. 

The residue from the problems and failures associated with a^lvine technolo^ to 
schools over the past 20 years, while not insurmountable, will undoubtedly have an effect 
o^i tbp support educators find for their current enthuasiasm about the ead^ets and their 
r»a nihilities. 
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If^truetioMl Obstacles to Schools' use of TectM>Io^ 

The use of technolo<^ical harHwrtrc in instruction is in its infanov, Voro importantlv, the 
hardware is bei^inn\ni^ to outstrip the '^ftware and cotirsev^nre, \ nroliferAtmn of 
eqmnment is matched onlv hv a dearth of r^ood mstrttctional oroprams. In fact, some 
courseware on the market is literallv little more than computerized nrofcrammed- 
instriietion text.s. Ponseauentlv, the computer's diaf^nostic canabihtv and its full 
interactive notential remains underutilized. The computer, in other words, exists as 
little more than an exoensive tov. 

Of^iiitizatioMl Obstacles to Schools' Use of Tectwolc^ 

The lack of extensive adootion of technolocrv in education has been attributed, at least in 
Dart, to fundamental incompatibilities between the edueational svstem and fimst of the 
technology intended to perform educational functions {l.nehrman, 197^^ 

Part of th%^ problem lies in trvinf^ to implement a new technolncfv in a system developed 
f(w an older technolo^ (rhadwick, 1979, Hirshfield, 198H. That svstem, the traditional 
teachin^c-lcarnine modeU pc^es a ehallencre for the technolo^st. The model is teacher 
and textbook dominated* T^ teacher, aided bv the textbook, is the basic souree and 
interpreter of information. In adfjition, the teacher performs varicus roles, includin^t 
dia^noMnt^ students' skiUs, nrovidin^ almost all forms of instruction, mana^n<^ the 
cla^room, and evaluatinf^ the oupils' learning. 

Technolo^, if adopted widely in schools, promises to chancre the role of both the teacher 
and the textbook. Neither is particularly eomfcrtable with that notion. 

At a purely practical level, the current fiscal crunch and declining enrollments, which 
threaten teachers' jobs, will also limit the at^plication of technolom? in schools. Even 
then technolo^ will come face to face with the fact "the social and orerani7.ational 
structure of schools has proven highly resistant to the replacement of the teacher bv a 
machine" (Walling et al. 1981), 



Economic Obstacles to Schools' Use of Teelmolopf 

r>o«initc nrononcnt^' arqiiments that the cost of technolo^ is now within the ^rasD of 
school districts, ednoation is nndenirtblv entering a per ioH of declining fiscal resources. 
It is also an era of declining enrollments and stable teaching Dooulations, an mopDortune 
time to introduce labor-saving devices into the classroom. 

These factors will keen technolo^ out of reach of manv school districts, esneciallv those 
in lower-income areas. Without subsidies or external support, schools simplv wonU be 
able to afford the new ^ad^ets. 

Mitf4tetplMe Guides Prt^te Entspri^ 

HesDite what we mav think of their utilitv for instruction, the private sector has done an 
impressive job of developing educational hardware and courseware. Some of the lars^er 
producers have made maior commitments in education. Control Data, for example, has 
invested $750 million since 1*^8? in the design and production of computer-based 
instruction (New York Times , April 26, 1981). It's not a "*yet-rich-quick" enterprise, 
though. Only now does Control Data expect to he?^n making a profit from its lon?-term 
investment in PLATO. Other producers, like Atari and Tandi CoroOTation, are relative 
newcomers. In fact, not one of the leading microcommiter Producers had anv 
instructinnal products in the 19B0s*, why some of the companies did not even exist then. 
Nevertheless, companies such as these and others involved in various aspects of 
information technolopfv, including Xerox, IRM, RCA, Texas Instruments, and even Exxon, 
are bv manv predictions destined to become the cOTporate ^ants of the future (Molitar, 
1981), 

niven the time and resources invested in hardware and courseware development, the 
private sector naturaUv seeks a mass market for its products. Elementary and secondary 
education simplv isn't that kind of market. And the marketing strategies of the lar^ 
companies demonstrate that fact. Although many have an investment in the education 
market, it is modest compared to their efforts in the industrial and home markets. 
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Systems stich as PLATO and Tl^riT, for exAmDle, sell well in indii'^trv ^nd the militHrv. 
MicrocomDtiters, on the other hand, have ^one over well m the home market (^'^olltor, 
1981), 

The private sector, nevertheless, undoubtedly wil! continije and oossihlv expand lU 
investment in education. Following a lonpf period of wait and sec, for examnle, maior 
educational Duhhshers are mvestin^^ in the develonment of courseware for computrrs and 
microcomputers. S^ott Foresman, Houston M ifflin, Science Research Associates, 
Random House, and Macmillan are all develonm^ and marketmcr material^. 

In addition, the publishers are be^nnin^ to combine their efforts with the mirrocomnutcr 
producers. Random House, for example, was recently named the authorized education 
market distributor of Radio SHack^s TRS-80 commiter products for cla^^^sroom use. Srott 
Fores . an is sellinf^ products for Texas Instruments and SRA is selling Atari products 
( Educational Technology, March, 1981). 

These partnerships meet the needs of both the producers and the Publishers. Thpv suit 
the commiter makers because thev do not have the expertise tn deal with the snecial 
needs of the school market. The publishers have the expertise, but they had virtually 
withdrawn from the field prior to the microcomouter revolution. Ponsequentlv, t^cv 
have nothing to offer schools clamoring for microcomputer hardware and courseware* 

There is a growing concern, howeyer, that the industry is crnided onlv by the 
marketplace. Profit-making corporations, naturally, respond to private markets "in order 
of their comparative profitability, regardless of their relative social consequences" 
(Walling et ah, 1981). 

Federal GovemmOTt Takes a Back Seat 

Over the veers several expert panels have made strong and specific recommendations for 
f^ovemment support and coordination of educational technolo^. Since technology i^^ 
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movinrt rftpidlv, some observers iir^r* federal poliev makers to chmf' on board the 
teehnolotrv train now or he run over bv it. Un^ortiinatelv, it aooears that the federal 
'^eetor mav have been left standincr at tbe station* ^^nrrentlv^ the federal crovernmcnt 
finds itself in the iineomf ortable position of trvin^ to integrate itself into sonnet hiner 
alreadv Nicx^emncr un'^er the aiisniees the private sector. 



Depwtment of Eduction 

Thp maiontv of the Denartment of Education's (DoED) teehnolo^yv funding supports 
telerommiinieations nrojects. Other areas are catchinef ud, though. In FY BO the 
department spent $40 million to support various technoloerv efforts, moludine$19 mHlion 
in teleeommiinieations projects^ $1S million on projects involving computers, calculators, 
nn^ videodiscs; %^ million on Drojeets usini? teaching machines; and $1 million on 
videotape pmiects. 



Of the money spent suooortin^ computer-related projects in FY 80, $11 million funded 
nrojects fociisinrc on mainframe computers related to hif^her education. Another $2.5 
million supported proiects utilizjne microcomputers and about $200,000 f\mded mini- 
computer pmiects. 



Tho dollar su^ns don*t tell the technolo^ storv, however. Impre^ive amounts of monev 
were snent to purchase fancv S'adfrets, but onlv a minimal amount went to develop either 
courseware or hardware. 



That is, the (government's largest investment in technolo^ is actually formula ^ant 
dollars awarded to school districts through Title IV-B. Districts can use these funds to 
purchase microcomputers as well as librarv and instructional materials. The library and 
ftadfret manufacturers maintain sizeable Washington lobbvs to ensure that these funds 
continue to flow for this purpc^e. 



The government's le.ss- than- impressive investment in the future hasn^t ^one unnoticed, 
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thoucrH. For examole, Ernest Rover, while Commissioner of Education, aptxjinted a ta^^k 
force to advise him about education and technolo^. He accented the recommendations, 
which would have resulted in a boon to instructional television had he staved around to 
implement them, ^las, he didn^t. 



The technolo<r^ initiative was revived, throiK^h, bv Shirle^^ Hufstcdler, DoRD^s first 
Secretarv. She put her own task force together. Alas, she, too, departed before anv of 
its recommendations could be put into place. 



Now we're up to Ted Bell, Hufstedler^s replacement. He, too, has some ideas about the 
potential of educational technolo^. And he, too, has a task force looking at the issue. 
Manv of RelTs task force members are veterans of earlier dutv. In fact, so manv of them 
served in a similar caoacitv earlier in their careers that we mi^ht wonder what new ideas 
thev'll brin^ forward. 



Old hands predict that RelFs task force will recommend a small denartmental initiative 
in educational technolo«tv. Monev is ti^t, vou realize, Hiven the modest number of 
dollars it's willing to expend, the initiative will tend to be modest also. In fact, insiders 
predict that it will be nothincf more ^rand than a few nroiects addressing several Dressin?^ 
needs* These probablv will include the need for hi^h-qualitv courseware; tlie need to 
orovidc school districts with marketing and evaluation information to use as tbev 
consider technolo^cal devices; the need to demwstrate the cost-effectiveness of 
technolo^ for some educational activities; and the need to educate teachers to use the 
new technolo^es. The initiative, which will be luckv to ^et off the ^<>und in a vear, will 
undoubtedly support a few demonstratiOT Drojects, a small dissemination effort, and 
some modest technical assistance oro^ams. 
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National Science F<Hmditioii 

The National Science Foundaticxi's Ediicatic»i Directorate has been responsible for much 
of the federally sponsored research in technolo^ as it relates to education, esoeciallv 
science education. 
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Thr Rras[an administration, thotJ«Th» has proposed fira<?tio cuts in the FoiinHation, 
Dartioularlv across its Science Ffitication Directorate. The administration oroposes 
oMsinty out the [directorate's contract and erant work in FY 82. The phase out will mean 
the elimination of profirra?ns that fcr vears have funded the d^^velopment of computer 
eourseware, software^ films and video modules. 

National Institute of Eduefttion 

\1uch of the Naticmal Institute of Education's suDOort for technolo^ research is through 
a foint pro<?ram it sponsors with the National Science Foundation. This one-vear-old 
proorram funds research on wavs to improve mathematics instruction through technoloin/, 
especiallv microcompiiters. It ciirrentlv supports nine projects. The foint program is 
funded at ?7S0,0O0 and the same level of sucH>ort has been requested for FY 82. The 
federal nroject officers envision their program supporting the development of several 
small-scale orototvoe pro-ams this year and a smaller number of larger proiects in FY 
^'^^ 

rhf* Institute's suppcM-t of technolo^-related research and development totaled 
anoroximatelv $3.B million in FY 80. Of this, $1.9 million supported telecommunication 
proiects. The larc^est was the Am>alachian Hommunitv Service Network at $1.2 million. 
Th^^ Institute also awarded half a milliw dollars to the Alaskan Educational 
Telecommunication project. 

In addition, NIE invested about $850,000 in computer-related protects, of which half a 
million was used to help maintain the ERir svstem*s comc^iter data bases. 

Funding for micro-comouter work totaled $760,000. Of this, about $200,000 supported 
the Northwe'^t Regional Educational Laboratory's r^omouter Technolo^ MicroSIFT 
ricarmcrhouse. The Institute al'^ awarded $130,000 both to Advanced Learning 
Trchnolof7^% Wood^^ide, Talif., and San Francisco State University to develop 
microcomputer '^ftware and courseware in math, 
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Finally, NIE spent $90,000 on research and development related to the use of hand-heir* 
calculators. TEMREl. of St. I.onis received at-K>ut $40,000 of the Dot to exneriment with 
calculator use in their major math effort. Another $50,000 went to Ohio St?\tp 
Universitv to develop a calculator information center. 

Overall, NIE's investment in technolo^ has been modest: future involvement ^iven the 
ag^encv's fundin?^ blahs, will be even less impressive. 

Department of Defense 

The one a^encv relatively immune from budget cuts is the Department of Defense. Its 
investment in research and development in educational teehnolo^ dwarves other 
agencies. For example, it eurrenti; spends $10 billion a vear developing trainine courses 
for its personnel. Much of this is dependent on technolo^. The department has adopted 
technology to cope with hi^h personnel turnover, to cut hieh personnel costs associated 
with training, and to provide the kind of trainiuir neede<^ for its mcreasinelv sophisticated 
weapons systems. 

Most of the teehnolo^-related r&d supported by the military is directed toward 
developing a teehnolo^ base (c^ desi^in^ alternative, cost effective instructional 
delivery systems. The r&d focuses to a ^reat extent cm reducing training time throti^h 
techiiQues that pernnit instruction to be individualized to a wide ran^e of student 
aptitudes; reducing the demand for the involvement of personnel in the design, 
development, and operation of instructional systems through computer support: and 
providing realistic experiences bv a variety of means, including computer-based systems 
arKi television- 

Congr^ An But Ignores Eduntional Te^nology 

The House of Representatives has expressed an interest in educational technology 
for some time. Over the years it has created commissions to study the field. 
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manr^atcH a ma|or stiidv, and held mimcrous hranncrs on science and information 
technoloirv, the role of computers, and technoloev*'^ anolications to education. Hut 
as of vet, no con<^re«?*?ional mandate ha^ etner^ed that hrin^*? focus to the 
mitiatives at the federal level. 

The most recent eon(rre<?sional attempt to develop a more cohesive federal posture 
in tee^^noloev is the Inf ormation Policv Science and Technolo^ ^ct of 1 981 (MR 
^n?^ introduced bv Georf^e Hrown (D-Palif,) this past Anril. 

("fKit^ressman Brown, former chairman of the Mouse Subcommittee on Science, 
Research and Technolotrv, has lon^ demonstrated an interest in information 
tcchnolo^^ and its implications for education, 

Brown's current hill proposes to create an Institute for Inforrrat»on Policv and 
Research to addre?^ national policv issues in the technoloev area, T le Institute 
would: 1^ nrovMe a f<Tum in which industrv, government, commerce, and 
education can formulate national information policv recommendations; an^! 2) 
provide a mechanism for planning and coordinatinf^ federal r.Vd in science and 
information technolofTV\ 

The Institute would also develop channels for federal a^encie^ to communicate 
with one another about their technolo^ initiatives, coordinate federal research 
and development in this area, and develop mere efficient proce.sses for 
di^eminatin^ and utilizing scientific and technical information. 

Dunni^ its authorized 10-v^r lifetime, the Institute could conduct studies and 
make recommendations in several areas. These inclu*^ the impact of re^ilatorv, 
patent, and copvri^ht policies on technOlo^cal development; the role and 
acceptance of technolofr^ in schools, businesses, and the home; and the potential 
impact of technolo^ on the work forceps training needs. Studies supported hv the 
Institute would ran^e from an examinatirm of international efforts in science and 
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tnformation technoloev to an assessment of how the federal government cotil*^ u*^e 
technolo^ to improve its p^ministrative effectiveness and nrociuctivitv. 

The Institute wonk^' be operated under the supervision and poliov control of a 15- 
member National Information Science and Technolo^ Board aopointed hv t^K- 
President and run bv a special assistant for science and information technulofrv, 
also a presidential appointment. The authorized annrooriation level for the 
Institute, million in FY 83, would increase to $8 million in the followin^^ fiscal 
vear, and $10 million in FY 85. 

Brown's bill has been referred to the Committer of Science and Technoloftv, 
chaired hv Don Fuqua (O-FlaJ* Hearin^rs are e'<Dected in June or later. But even 
if this bill is reported out of committee, it still has a lonsr rot\^ ahead of it before 
it becomes law* 

Replacing Ga<|fetry with Tedwology 

In our introduction, we ar ^led that cduCHliGnal technology is "?^ood" hecatisc it 
involves man and machine workinf^ in concert to aonlv validated social science 
research results to a learning situation. On the other hand, we threv^ a black hat 
on technological gadgetrv . To our wav of thinkincr, the sehTOls can ill afford to 
oiirchase, let alone incorporate into the classroom, an^* ffad^et or process that 
doesnU have a si^ificant oavoff in terms of increased student achievement. 

We went from our introduction into an admittedly ca^iili?.ed description of what's 
poin^ on now in the technolo^; movement. We looked at it from several vantaee 
points. 

For example, we found tt^t the ^dpets are workincr their wav into the schools. 
Trouble is, we also learned that the fanev har'^ware isn't reallv havincr much to Ho 
with the schools* iastruetional proErram* And when it does, the ^ad^ets are 
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use<^ for (\\\\ and or«otio€ or as a learning Xoo\ to make children computer 
literate. 

H*e looked next at the private sector. And we learned, to nobodv*s surorise, that 
the profit-makintr companies are concerned about orofits. Ri^t now, industry and 
the horpf-entertainment markets are the nrofi table outlets for the electronic 
i^adertrv. Schools do offer the hardware manufacturers a market for their 
oroducts. Rut schools are fatrlv autonomous and their needs varv from district to 
district, Consequently, the manufacturers have a difficult time putting toeether a 
marketing scheme that will eive superintendents the choice thev exnect at a price 
thev can afford while also ensuring a suitable profit for the comDanv\s 
stockholders. 

Other ofoblems hound the technolorv movement. For example, SRI recently did a 
study and fouml that the new ^ad^ets mav have a nesrative impact on schools. 
Reasons SRI cite include the fact the hardware is designed for entertainment and 
communication purposes and thus little attention has been paid to determining its 
actual educational value. Second, the Quality and effects of tt^ courseware are 
extremely varied and largely unknown, Further.Tiore, the p^irchase is frequently 
hased on cost and only simple TOtions of educational needs. Third, the hardware is 
peddled based on the customers' ability to oav rather than their actual needs. 
Fourth, the market is dominated now by industry specialists with little knowledge 
of the educational system. 

\ big nrohlem facing the ^rdware deyelooers, of course, is the quality of the 
courseware. Recently, the hardware producers and the textbook publishers have 
come to the realization that thev can benefit each other. Whether or not the 
match-uD benefits schools remains to be seen. But it does seem to us somewhat 
likely that the hardware manufacturers will simply program standard texts onto 
machines and in t>w proce^ do little to improye the instructional offering. 

The neoartment of Education, meanwhile, has all but chosen to sit out the 
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technolo^ movement. The little bit of monev it does hAvr* to 5JDcnd is sprear! 
widelv flmon^ libraries, colles:es, and the rniblic media. Research dollars used to 
flow re^ularlv from the Science Education Directorate of the National Science 
Foundation. Rut be^innin^ next vear that flaw will likelv end. 

The Department of Defense has monev to spend on educational technoloprv, 
though. Lots of monev. In fact, ihe defense a^encv is concerned atx>iit the ahihtv 
of the educational research community to spend its funds quicklv or wisely 
enough. The military interests, of course, are not alwavs seen as bein^y compatible 
with educational interests. Rut thev could be. The military needs to tram its 
volunteers. Much of this training comes down to the basics: teaching 17 and 18- 
year men and women to read, write, and perform simple arithmetic* problems. 
Those objectives certainly parallel the educational obi*^ctiyes of every school 
system in this country. 

Regardless of which federal astencv we consider, nearly all the research dollars in 
the educational technolo^ field flow from Washington. Althouf^h the flow mav 
appear to be insufficient, sufficient dollars are available to enable qualified 
researchers to advance the state of the art, to improve the courseware, and to 
assist schools in the diffictilt task of implementin^r the hardware in classrooms. 

Trouble Ls, the field isn't about to wait for the r & d community to come forward 
with prototype courseware, research on the impact of machine use, or evidence of 
the effectiveness of one gadget over another. Frankly, the hardware 
manufacturers are way ahead of the research community, Tonsequent Iv, they are 
not apt to slow down and wait for us. 

So, plavinsr o»-* the negative scenerio, we su^e,st that the future far educational 
technolo^ appears fairly dismal, particularly if student achievement is a concern, 

o The hardware is ready to ^o. Although develoned for a non- 
school market, most of the gadgets can he viewed as having 



19 

some educational txirpc^es. 

Much of the eoursewHfe to ai?coiitDAnv the hardware is 
untested nnt^ probablv of little inc^reaser^ value to the 
clfthsroom teacher or the pupils* A/lrlitional courseware will he 
develo?)^ hv the manufacturer or its hired academic authors 
to be compatible with the hardware ratf^r ttien to reflect 
advances made in our understanding of the teachin^-learning 
Drocess. 

The federal fyovernment will continue to supoort a modest 
research effort relating to technolo^. However, the effort 
will he 5^ insignificant (i.e., nOn-Drogrrammatic) that it will 
have little impact on the hardware manufacturers, the 
courseware develoo^s^ and If^ adoDtin^ schools. 

Ccm^'ress has never generated much interest in teehnolofv and 
this sitiiation isn*t about to <^an^e. 

The CEDaR-member institutions could perform a useful role 
^iven the above-described scenerio. That is, school districts 
will still seek outside ^idanee as they be^n purchasinfC and 
usin^ the electronic ^ad^etry. Some agencies or institutiOTS 
will be asked, probablv in the one-shot inserviee workshop 
format, to help train teachers to use the new equipment in 
their instructional program. Other institutions will be able to 
conduct federally initiated small research projects won in 
comoetition. But overall, the imoact of the member 
institutions* exp^tise will be ne^li^ible. 

F^^entually the f^eneral public wiU realize that technolo^ has 
made little difference in either the productivity of schools or 
the Quality of their instructional programs. And public 
education will suffer 5^ill another series of chastisements. The 
research community won't es<^pe without its share of the 
blame either. 
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The negative seenerio a^umes status quo from the federal government, the ILS. 
Tonfres, the school eommunitv, the hardware and eouf^eware develo!>ers, and the 
researen commimitv* A ehari;;"^ in attitwte tm the part of one more of these 
niii?ht he sufficient to alter the script. 

A ehanire in attitude isnH likely from either the Cowress or the current 
admintetraUon. Both appear intent on reducing t^^ fe^ral governmait's 
involvement in local and state educaticMtal isi^s. The schools t^mselves are not 
likely to ^«ve either the time nor the inclination to exert some leadershio fcr 
chwfe. The hardware sfkI the acoomoanvin^ promises it hrin^ iust has too much 
to offer a heleaf\ired school offieiaL 

FcH- all kinds of logical reasons, neither the manufacturers nor their collea^ies in 
the courseware envelopment business have much incentive to alter t^ technology 
movement. 

Ami x\mX leaves the research community. That leaves us. The only way we see to 
develop an optimistic scenerio is for the CEDaR-member institutions to come 
fr.*ward wd raise an alarm about the technology movement. 

The memberehip ^s tt^ skills to w<^k with the manufactufci^ to develoD 
validated ir^tructional courseware. The member irstitutions know how to work 
with schools to ereure that the technology thev CNifchase first addresses their 
individual needs said second does ^mething about them. 

The money to assume this leadership exists in the Pentagon, in the massive funds 
being awarded to cc^tractors interested in helping the military imorove its 
training programs with new technology. 
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A positive seenerio, in other words, wouW have these components: 



o rEnaR-nr>ember imtitiitions, huilrtin^ on their history of 
succej^es as well as failures in the ctirriculum '^velopment 
movement, have more to offer the field than anv comparable 
set of institutiws in existence. 

o The memb^ship km^ws how to develoo courseware that's 
comoatible with the hardware; as important, the CEDaR- 
member ii^titutions know how to make those course offering 
improve inste'uetion and consequently performance in the 
classroom. 

o memb^ship knows schools; the memb^ institutiws know 

schools* limitattcMT^ as well as their potential* Consequently, 
the CEDaR institutit^s tmve much they c^n offer both the 
naticm^s schools and the hardware industry, 

o The memb^hip has the talent necessm^y to ensure tt^t the 
technolotjv mo^^ment s under^rded by a soun^ research 
foundation. It also has a strong track record which should helo 
ensure its bett^ researchers adequate funds from the Defense 
Deoartment for technolc^-related inquiry. 

o The CEDaR-member institutions know the business of 

pro^mmatic r 6f d better than most. Consequently, they 
tinderstand the interaction that must ocrar amon^ the 
hardware manufacturers, the courseware developers, the 
schools, an<^ the technical-assistance providers. This insist, 
we believe, will be absolutely necessary if the negative 
scenerio painted above is to be stoi^ed. 



Pnrticinatine in this PS! seminar is but a first steo. Others, hooefully, will be 
spelled out before its conclusion. 
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"Instructional Principles for Computer-based 
Learning" 



Alan Lesgold 

Learning Research and Development Center 



An tntrodoetion to 
**tnstruetioml Pfineiples for nomput«^Ba$ed Learning" 



In his paper, Instnictional Prineioles for nompiiter-based Learnint^", Man Les^old 
reviews what the r&d eommunitv already knows about instruction and can anolv to 
the technology arena as well as what it does not vet know and, consequentiv, 
needs to res^rch. 

Les^old, a research ajsociate at the Learninrj Research and Development renter, 
Universitv of Pittsburf^h, focuses his discussion on one kind of technolo^— 
computers- He convevs the picture of a new instructional medium that is both 
powerful and afforrteble. Further, the eomrxiter is a medium to which the r<5cd 
comnmunitv can applv basic instructional principles derived from education and 
psvcholo^ in the development of comnuter-based leamin<? environments. He 
reviews these in the paper and su^ests wavs to aoplv the orinciples to comnuter- 
based instruction. 

The computer also challenges the instriK?tion8l eommunitv to build unon its own 
base of expertise as it seeks to harness the comm^ter^s power for instruction. The 
author explores manv of the problems in developing hi^h-nualitv computer-based 
leaminpr environments. The research questions surrounding these problem areas 
orovide a future r<!fd agenda for the CEDaR-member institutions— an aeenria 
Le5^old cautions, must be based on an understanding of current ^^omouter 
technolo^ and the issues that drive it. 




ERIC 



If^tnietioMl PrineiplM for Computer-Hased L^rntnf 



Alan M. L^^ld 
Leamif^ Resnr^ and Development Center 
UnivMtv of Pittsburg 



In the last thirtv vears, we Have seen the rapid develonment of a new technolo^v 
that is completelv reshapin?^ the stnicture of our societv---technolo<Tv of 
automated information processin?^, Anv such sweeping change is inherently 
destaWlizinct and iconoclastic. This is certainly the case with the computer 
revolution. Having the potential fcr solvini^ substantial societal problems, the 
computer tends to be seen as both panacea to those troubled bv these problems 
and enemy to those with sacerdotal functions based upon them. An enli^tened 
priesthood such as our own will appropriately have mixed feeling about the 
innovations bein? offered from the outside. In this presentation, I would like to 
examine the current state of computer contrihutif^s to educational technolocfV 
and to discus the tools we have gained from outside our own field and the major 
tasks t^t remain for us to perform. 



The Ccntribyticra from Outsde of Edimtion 

I will be^n by outlining some of the contributions that I think have come from 
outeide of the psveholo^cal and educational research community. 



For the most part, the contributions of the computer research and technology 
community to instruction have been to provide powerful hardware and to en^neer 
solutions to problems that instriictional developers have posed in the past. There 
has gradually developed a rane^e of machines that are powerful enough to 
undertake smous educational tasks* Further, the cost of these devices has been 
Plunging. Certain computer components now cost only one^ei^hth of what thev 
did two years ago. At many levels, the impossible is being made possible faster 
than we can keep track of the chans^e. 
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Since thev are the producers of such change, many comnuter profej^sionals have 
felt a strong obligation to expltH'e the implications of new technoloerv for ftoini^ 
what has heretofore been called impossible. In the ease of education, this has 
resulted in the ohenomenon that seemed under attack in the discussicm paper for 
this seminar, that of comou^er scientists takin? over the design of instructional 
technolo^. My reaction Ls quite different. The computer wCM'ld is doin^ what it 
is ohligated to do. It is making everv effort to pound into our heads the full 
implications of technolo^ changes and to develop new technolo^es, such as 
robotics, for which no established expertise exists. What we have to do is to 
critically evaluate what computer oeoole have done and to build on their ww'k 
iisin^ our own base of expertise. We can only do this if we are childlike enou^i to 
be amazed everv now and then bv the newest accomplishments and to explore 
plavfullv what uses we can make of them. At the same time, we must be 
orofessional enough to helD societv untangle which aspects of the impossible have 
been attained and which are onlv ootentiallv attainable. 

^ third force in this situation is o^hai^ less helpful. This is the individual 
entrepreneurs trying to caotnre a piece of the school equipment market by quickly 
dashing off computer-based drill pro-ams and ^ames without understanding how 
these items can seriouslv improve instruction. It is quite possible for anyone with 
a desire to Niv a personal computer instead of a color TV to become an 
instructional software developer and even to build software that improves 
instruction for some of the children some of the time* This third force is the 
largest in lerms of it^ influence on schools. The microcomputer software used by 
school svstems todav consists largely of programs and instructional materials 
written bv amateurs, mtich of which is of poor quality. 

As centrallv supported research centers, I think we need to stay awav from most 
of this smfill scale market, even at the risk of missing the real educational 
breakthrough that in principle could occur in someone's garage. Rather, I think we 
need to attempt to understand the major new forces at our disposal and to 
f^xamme thetr ontential in H^ht of the basic principles of learning that drive our 
field. VVe need to inve«?t serious individual effort in analv^.in^ the power and 
limitations of new hardware and software resources, and this analvsis needs to be 
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keDt XMp to date. We should, I ar^e, ?et educated and re-educated re^ilarlv in 
what levels of technolo^ are now feaable. We then need to consider those new 
resources in terms of basic learning principles, to which 1 now turn. 

Lewnir^ from Ba^e LMmii^ Prin^^es 

Implicit in mv next remarks several principles that ! will first state explicitlv: 

o An instructional f^vcholo^ of errors in performance needs to he 
further devel^ed in order to exploit the ability of the computer 
to re^ond immediately to the quality of performance of the 
child, 

o Such a th^ry, combi?^ with behavioral princioles of tx^itive 
reinfa-eement of correct perf^mance, s^^uld ^lide the 
interaction between man wd machine. 

o Reinforcements should not just be fwmal statements of good and 
bad . Rather, they should make the general act of learning and 
the correct performance of co^itive skiUs truly a oleasant and 
desired experience for the student. 

o A deeper coc^itive ^vchology of subiect matter skills must 
continue to develop and must inform the design of computer- 
based learning systems. 

o Practice in newly acquired eo^itive skills is imocM'tant* Tt is 
peft«i^ in this ar^ that schools are least able to provide human 
resources with the potential of the computer* We should not 
belittle firill and practice as such, rather we should make it work 
well and know when it is needed. 

Let me be^n my discusaon of these points by considering^ what we learned from 
behavioral theorists. It is fashionable these days to plav down the importance of 
the behavioral principles that once drove our field. After all, we did not live 
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H^t^ilv ev^ after. Also, we have come to reftli?.e that our instructional ^oals are 
no. ^CTcrallv behavioral ^oals that we ean 5^>ecifv clearlv and eompletelv. 
Further, the recent exciting action in hasic psvcholo^ical research has be^n on the 
co^itive front. Nonetheless^ I think there are important principles that nee*^ to 
he saved or modificf^ froii the behavioral work of the past. 

The first of these principles is the orim*iple of reinffycement . As behavior ists, we 
found the principle of reinforcement verv straifThtforward. Whenever the student 
made a correct response, we provided a formal reinforcement. If we were usin^ a 
teachinij machine, it said "Good work?" or something else equallv ineffectual- The 
principle was important for two reason. First, students need to be motivated to 
en^a^e in learning exercises, and second, thev need to have guidance about which 
of their performances are cwrect. 

The problems are also two: first, formal reinforcement is not necess«rilv 
motivating for manv students, and second, the mat^in^ of behaviors onto 
underlying cognitive performance capabilities is m>t simple. But these are 
prohlems for us to trv to solve. Nothing we have seen so far sn?^ests that the 
hn^c principle of reinforcem^t ^^'as wron??. It remams as a eoal desi^nin^ 
computer-based instructional svstems. Such svstems must help the student 
evaluate his performance and thev must motivate him to continue learning. 

A human teacher can, in manv cases, make quick decisions about what the student 
needs to be taught to resolve his current misunderstandinjr^- Unfortunately, few 
teachers have small enou^ classes and quick enou^ classes and quick enough 
analysis skills to be perfect tutors or drill masters. Thev cannot intervene 
immediately whenever any child in the class displays evidence of fundamental 
misunderstanding, nor can thev immediately reinforce those fii^t few tentative 
responses a child makes when she finally understands a concept. At best, the 
workbooks of children <^n be taken home at ni^ht and can form the basis for 
somewhat individualized feedback and assignments the next day. We are now at 
the point, thoi^h, when a computer system mi^ht be able to provide realtime 
analysis and feedback. 1 envision intelligent computer systems which could 
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continuaUv monitor children's practice of basic skills and could intervene with 
feedback and coneeDtiiallv driven instruction whenever fundamental 
misunderstanding were detected, 

AiKlrev rhamoa^ne, Lauren Resnick^ and I are starting to use a microcomoutcr to 
provide this sort of immediate intervention in arithmetic comoutation practice. 
Basicallv, whenever a child makes computatiOTal errors, the computer will offer 
him an alternative environment in which his numerical comoutations are maooed 
onto computer displavs of Deines blocks. The child will he able to manipulate this 
^vironment in a manner that aUows him to see both the blockworld and the 
numerical world results of soeeific com. jtational actions. We make this 
instructional intCTventiOT extremely concrete by allowing children to do-~on the 
^aphics terminal— block movements, exchanges, numerical acts like crossing out 
numbers and replacing them, etc., iust as thev would with real blocks and pencil 
and paper. We hone that this svstem will be me of manv that recotrnize and 
immediately respond to the chiWs need fen- specific informative fecKlback and 
instruction during the course of perfcrmin^ reading and arithmetic skills. 

It is important to note that the Thampaene and Resnick svstem is not just the 
application of new technolo^ to an existini? at^roach. Rather it is based upon 
detailed analysis and empirical exnloration of the knowledge and performanr^e 
capabilities tNit underlie arithmetic computation skill. The hlockworld 
demonstrations are not chosen bv any naive rational approach but rather are the 
result of a rich and deep theory of the semantics of arithmetic on which Resnick 
and Jim Greeno have been working for several vears. 

Most of the instructional software ctirrentlv available falls short of meeting the 
need for immediately useful feedback in several wavs. Essentially, it takes the 
behavioral technolo^ of teaching machines and implements it more cheaolv on 
microcomputers. Thus, the reinforcers for correct oerformance are better, but 
neither the sequencing of instruction nor the analysis of error patterns is any 
better than in the machines develooed bv Skinner a generation aeo. Further, there 
remain serious problems of man-machine interaction which I will discuss in a few 
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The extistine instructional software often mmkes use of very creative reinforeers 
that use improve^ gpraphics reso^irees and eolcK^ TV mc^itors. One verv real 
problem is that the resowse to errors »metimes fancier than that to twrect 
performance, Consider the arithmetic work I just described. If making? mistakes 
in subtraction will produce neat ^phies displays while c<^rect re^<»ises produce 
only more problems to solve, we can predict what will happen. Consequently, we 
are s^rchin^ for artful ways to make successful performance ^in just as much 
apparent attentiwi from the computer and just as flashy a re^onse. 

Most of my attention thus far has been directed toward instruction that removes 
conceptual deficiencies and that fteveloi^ accurate o^ff^mance ^^^bilities in 
co^itive skills. Once a skill is acquired, it r«eds to be practiced and refined* 
New skiOs build ui>on extistin^ or^s^ arwl this is not possible when existing skills 
are inefficient, weak, snd demanding of too much conscious procesin^ capacity. 
We need to better understand the kinds of practice that makes a skill efficient, 
stron*^, and automatic. 

In the area of reading, tor example, Charles Perfetti and 1 have spent some time 
exploring the role of word reco^ition efficiency in the development of higher 
level reading comprehension skills. While we ^ve presented an informal theory of 
tf^ effect^ of word processing slowne^ comprehension, much more work is 
needed in this area. Nonetheles, it is already clear that pro^ss through the 
early years of tt^ reading curriculum is most successful in thc^e children who 
develop speedy word recognition. 

What remaias to be understood is the extent to which children who are slow in the 
word processing aspects of reading can make up for it by developing richer 
comprehension-level skills. That is, we need to ask when and how practice makes 
perfect* Like sports coaches, we need to know when to give conceptual advice 
and when to demand intellectual wind sprints, I believe the key to answering this 
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qi^sttc^ lies in takinif a more f iforouo approach to eocnitive theory 
^velopment, Fcrtimatelv, this is startir^ to haopen^ Much of the new work is 
heavily riependent uoon a rich undefstandin? of earlier work in subject matter 
ifistruetion and in cognitive osychol^, 

Pfotdeim for C^Hiwt«r4«sed L«amif^ 

Havim; introduced ^v^al principles which I believe should ^ide the (tevelopment 
of comoutef-based instrueti<^, I now wfeh to look in detail at several a^ects of 
computer m$^e in education and to comment on roles educatiwal research and 
development facilities can plav for each. The order in which I discuss these 
aspects ^ somewhat ^bitrary. 

M^^m^diiM Inteviietton 

I first turn to issues of Caiman factors, the interactiw of students, often voun? 
children, with computers. That s, in mv opinion^ tt^ most serious area that I will 
address, at least from a practical standfH>int* 

Types of computers schools seem to be buying are tN^e that take ^me advantage 
of the plungir^ costs of comfHiter pow^, namely those that have made the same 
computer tl^t used to cost t^s ot Nindr^s of ttK>usands of dollars into a $1,501) 
to $2,500 item. Such systems ^ve moderate mem^-y, because we Imve learned to 
make memory ch^p. They al^ have relatively standard 8-bit mieroorocessors 
and simple display cc^^ troll ers— all items ih^i sre old standards that have been 
miniaturised and put on a chip. If you look at current CAI programs sold in hobby 
stwes and thev remind vou of w^k in the 1960s, don't be surprised— they are made 
for a smaller and much cheaper variant of the hardware and software systems of 
that era* 

The problem fe that such systems are v^-y hard to talk to. The otIv input is a 
keyboard, and most children cannot type* The output is either low-grade printed 
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text or a relatively coarse-if rained video disolav. As I will discuss in a moment, 
the language cwventions the user must follow to start a proi^am or to write his 
own are comnlex, awkward, and not generative of useful attitudes about how to 
use computers. We, the more economically privileged educational researchers, 
have an obligation to studv which aspects of the interface between person and 
machine need improvement and to evaluate improvements that are offered. 

-\ number of imorovements are on the way, and some are cheap enou^rb that 
schools may be willing to buv them. These include c^vices for selecting a point on 
the display screen (touch-sensitive screens), voice outnut capabilities, graphics 
'^ftware and hardware, better propram miner lane^ia^es, etc. Here we need to do 
research to evaluate the instructional value of these improvements. 

A case in point is voice output- Voice output is mw verv cheap in some of its 
versions and at least reasomble in others. However, this economy is achieved at a 
cost of some loss of complete fidelity to human speech patterns. Both digitized 
and phoneticallv coded speech have limitations, Di^tized soeech is still costlv 
enoi^h that it is unlikelv tl%t systems introduced in the near future will offer 
correct intonational contours for sentences. Phoneticallv-coded svnthesized 
soeech affords the opoortunitv for cheaoer reah>.ati<xi of intonatitwial contours 
within and between words, but the basic ohonemes are not perfect. The question 
we need to address is whether this matters, and if so, to whom. 

There is some evidence that voun^ children who have trouble learning to read also 
are less caoable in auditory discrimination tasks. Are such children more 
dependent on intonational contours for contextual cues in listenii^ to spoken 
lan^a^es*^ We ou^ht to find out. We also ou^ht to trv to discover which voice 
output capabilities are most usable by childr^ with partial hearing impediments. 
It would be a shame if our talkinf^ systems were selectivelv biased against those 
who have trouble reading, and it would be relatively simple to find out the extent 
to which such a problem exists. 
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size of the proHlem. With the addition of animation, color, and flashing word 
eapaWlities, the problem of knowinsr how to use graphics becomes more sev^e. 
At another level, though, it becomes more solvable, Disolav terminals are ^ood 
res^reh tools, allowing detailed measurem^ts ol . speed at which sttidents 
re^oixl and the aceuraev of their perfwmance when diit'erent tvpes of displays 
are used. Thus, it should be possible to design prinoioled studies of rr^phics 
effectiveness. Again, we want to make sure that we know which children can best 
be served by specific approaches and specific hardware. Both the faster and the 
slower learner need to be served, but it may be useful to know which is most likely 
to learn better or learn more as a result of a ^ecif ie technolo^eal intervention. 

Computer Literae^, Aestheties and Integrity 

Another issue I would like to address is that of the kinds of computer pro^rammini^r 
environments lased by instructional system developers and al^ those made 
available to students* While I mean more than just the pro^rammincr lanerua^e 
bein? used, it is easier to restrict mv brief remarks today to issues of language. 
We are told, by a number of the lesser sa^es of commiter-base<^ instnK*tion, that 
BASIC is the standard lan^a^re for CAI systems and also that it is the laneua^e 
that children should be tau^t. The r^son given is that it is the standard 
language fcr home computers toiay, and these are the computers that schools 
have bought. I urge you strongly to question this point of view, 

Compijter languages evolve partly by accident and partly because of jorarv 
market factors. In fact, if you take into account the industrial use of 
microprocessors, the tide is turning fast away from BASIC, toward LOGO, 
PASCAL, C, LISP and similar languages. The r^son is that these newer languages 
more directly convey central concents of comnuter literacy, resulting in programs 
that are more accurate and more easily understood by others. BASIC itself gained 
recognition because it was better tt«n its predecessors at focusing the 
programmer's attention m the flow of control in his nrogram. However, it fails to 
make the stnx^ture of complex comoutaticx) clear enot^h and places a heavy and 
unnece^ary processing load on the programmer. 
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Aeeeordinf to one of the best writers on pro^mmmin^ stvle, Edsj^er Dijkstra, a 
jfood wojframmin? laneuaife should encourage the building of pro-ams from 
eompwt routines, each of which is so small that its correctne^ is se^f-evident. 
Also, from mv point of view, there should be no artificial syntactic barriers 
between commands (or procedure caDs) desii?ned bv the programmer and 
commands tniilt into the system. Indeed, I hyoothesize that the best inst'^uctional 
environments on computers may present a common command structure to CA! 
orof?rammers and developers, to CAI system student-us^s, and to students wfK) 
happen to want to write their own systems instead of executing the developer's. 

These are hypotheses, but reasonable ones, Tertninlv we instructional res^rchers 
need to be involved in testing their adequacy and, if appropriate, ur^nif their 
ftc^ption* You mav think that the lantuaf es used by courseware develop^s will 
have effect on the students who use their products, ^»it 1 think thev do, 
Lan^ages i moose tremendotsly on the mtt e of thinking and of the desiCT 
proce^, Pspert makes this point strongly in his book Mindstorms, but we see it all 
around us. For example, a local iretitution in Pittsburgh is offering o* ^mmin^ 
coulees to children. Tte first is called *1ntroductiOT to nomwting" amJ teaches 
the syntax -^f BASIC and some simple pro^mminf techniqt^s. A later course is 
called "DebuijRin^.** The unfortunate choice of computer lan^fe impedes such a 
menial load on the <^ildren that thev rannot design working programs very 
readily. They neec^ to ^end cemsiderable time learning how to fifid the errors that 
arise because of the overly cumbersome stvle BASIC forces them to use in 
designing their programs. 

Comoare t^»t sort of introduction to the computer to the introduction a child 
receives if he starts in a LOGO environment and is hb\e to build sophisticated 
programs that he understands the very first rtev. Not only the <^ild but al^ the 
instructional developer can benefit from programming environments that 
encourage clean design and straight fc^ward function. Too much of the argument 
against comaiter-based instruction is made bv people who exoerienced the clumsv 
syntax and masive d^^^^^jgging effort required by BASIC and simile^ languages* 



Insfructional researchers should be central to efforts to provide computer literacv 
training in the schools. But, we have to learn ^ou^h about computers and about 
the software desiifn process to be involved knowledefMhlv. That will take time, 
but it's time t^t ^me of us will have to invest if we don^t want to yield this 
domain to en^neere whose km)wle<^e of instruction is bounded by common sense 
and «^me reading about behavioral objectives. The price of ml bein^ left out of 
the computer literacv boom is taking the time to ?o beyond corner newsstand 
hooks on BASIC to serious ex^cise of our scholarly skills and serious study of the 
current issues of lan^ua^e design and man-machine interaction that occupy the 
minds of our best computer scientists todav. * 

If you difhi't bite on that one, let me pose an ^tirely different role for 
educational rtevelc^ers and researchers in the design of computer-based 
instruction. This is the analysis ^>ecification of motivating devices. It was 
su^ested in the disctts^w oaper t^t all technologies have a temoorarv ability to 
attract students' attentim hut this soon fades. The computer field been able, 
in certain ar«s, to encourai^e involvement that ^oes hevond the point of initial 
novelty. Computer wmes are extremely addictive, and there are many 
instructional designers who feel that computer based instruction should he 
presented in the cwtext of such ^mes. 

I feel that social psychologists, motivation researchers, and instriictional 
developers have a malor responsi*>ility here. The best work of the computer 
industry on motivation has tended to conclude that fantasy ^mes are the most 
motivating.** M<^t of those currently in existence are ^mes of violence, in 



* A similar fesue arises at the level of operating systems. While systems derived 
from UNIX (a Bell Laboratories trademark) are starting to apoear, the earlier and 
cheaper microcomputer operating systems are also unnecessarily clumsy and 
inconsistent in design. 



*• The work was done bv t om Malone of Xerox Palo Alto Research Center. 



whieH klincrons are zfkvo^^, the side of the Force is overeome, etc. Some are 
very innovative. For example, in one outstanding ^me developer^ in the PLATO 
jjroip at Illinois by Sharon Du^Hale, children attempt to destroy intruder space 
ships in a ^ohically defined space bv writinf f\inctions for their missile's 
trajectory. Even the mathematically illiterate child often learns to ^raph 
oarabolas if that is the only way to destroy three shios that arenH in a strai^tht 
line. This is masterful work, better than almost all software that will enter 
schools in the next few years, and if there were better aoproaches to motivaticffi 
known, Fm sure Dtj^dale would use them, I think some of us have to find them. 

\ motivational system that rests on the computer as a fantasy world controlled by 
violence is not l\w thin^ 1 desire most for my children. Yet, todav's efforts in 
instructional ^ame development are driven by the same understanding of 
motivAti<x> that drives television (parenthetically, there are ^ames designers in 
computer companies w^ t^ve already noticed that of the two classic motivators 
TV, sex and violence, only one f^s bew adequately exploited thus far. How to 
use the other is left as an exercise fc^ those of vou who want really ori^nal 
instructional oro^rams)* 

I think we need to develop a co^itive theory of motivation. Indeed, perhaps we 
need to start think'n^ about the need to teach certain asoects of motivation as a 
^kill. A useful lon?-term ^oel wmputer-based svstem ctesifners mi^ht be the 
design of a computer-based motivaticm airriculum. More generally, there is need 
for substantial research on issues of motivation. The marketing research of 
recent vears has refined the art of ^ettin^ someone to Day attentiw to a message 
for 5 to BO seconds, but we haven't done as well in the lon^^ time spans. This is a 
problem that we need to addre^ if the full potential of computer-assisted 
instnK?tior is to be realir.ed. 

In our everyday thinking, we behave as if motivational dispositions can be taught 
bv ft varietv of mechanisms from piano lessons to coascription into the military. 
A longer-term ^oal for computer-based instr\JCtion is to attempt to develop 
systems that increase the mental discipline of students. Presumably, the lessons 
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of the behavioral researchers are a useful starting point here, too. If we make 
certain tvpes of practice experiences rewarding, through direct rewards or 
throu^ enhanced Drobabilitv of success, oresumahlv that practice will occur more 
frequently in the future. The co^itive aspect of this is that students often need 
to he tau^t what success is in certain basic skill areas. A child cannot be 
motivated bv succejs in writing essavs unless he has an internal co^itive model of 
what a successful essav is. It is this sort of a model, not cute bells and whistles, 
that can survive the transition to a society in which the computer and its artifacts 
are no longer novel nor inherently rewarding. 

Conlroned Instruetion Vs, Lewnin^ Environm^its 

Another area in which we can make a contribution is in design ^^ecisions having to 
with the extent to which we want to control the learner. At one extreme, we 
can envision practice systems in which the computer is almost completelv in 
control of the child's destiny— wf^re he can onlv choose between not interacting 
with the machine at all and interacting as instructed bv it. Of course, drill need 
not be that way, and there are wavs to provide Voices even in the mosl 
COTStrai'itng environments. One alternative is the LOGO envirwment and similar 
arrangen ents, in which the stud€"^t programs his own demonstrations and 
exercises. Wnen such an environment is well rtesi^ned, whatever the student does 
is likelv to be instructive. For example, Andrea DiSessa at ^IIT has designed a 
svstem called Dvnaturtle, which is a LOGO environment in which there is an 
object and the ability to hit the object with a specified fcrce from a specified 
direction. The object cannot be stoooed, started, or moved except through 
exerting force impulses on it. Bv the time the student has nlaved with this 
envirOTment a while, he has learned a lot about mechanics. Another environment, 
in which there are a variety of specific tools the student can use, was 
demonstrated to vou today by Audrey Champagne. 

I susoect t^«t instructional designers and researchers are in a fTood position to 
develop and apply principles for deciding when, how and why to constrain the 
choices that are open to a student in a computer-based learning environment. The 
issues here overlap those of motivation discussed above and also those of 
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computer literary that can be addressed bv competent instructional developers 
and researchers even if thev are not oomputer wizards. Thev are also traditional 
issues of education. Unless we do a better job, the software hacks out there are 
^oin^ to recommit the errors of the oast. Just as we*ve had uniformed flipfloooine 
from cubicles to open classrooms and back without reason, weUl see claims for 
letting the student do his own thin^ alternate with calls fcr keeping students from 
fritterincT awav their time in ^mes that don*t directlv teach, and these ar^jments 
will have the same level of reason behind them that thev have alwavs had. We can 
improve this state of affairs, and we should. 



Evmiustion 

The final area I will mention, albeit briefly, is evaluation. Computer-based 
instruction is inherently better evaluated, if we take advantage of the 
o^opt unities it presents. We see oeople like David Berliner having to spend 
hundreds of person-hours oteer vin^ students to see if they're on task or not. In 
computer environments, spying on the student is easy, and thus we have ample 
opoortunitv to find out which svstems students use, how much, and, assumincf 
curriculum -embedded testinij, with what effect. HvaluatiOT hooks should be an 
automatic Dart of every computer-based instructional system, at least at the level 
of an option to record the transaction. We should be explaining to the world why 
this IS necessary, and we have the expertise to help in taking advantage of the 
capability once it is there, (A^nin a parenthetical note: a PASCAL, C, or LOGO 
program can have this capability added in five minutes. For a BASIC program, it 
could take weeks.) 
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Summary 

To summarize, 1 have explcM*ed the problems in developing hi^h-qiiality computer- 
based learning environments, including motivation, analysis of error patterns and 
providing on-the-spot conceptual assistance, man-machine interface issues, 
language issuer, and environmental design issues. I have conveyed a picture of a 
new medium that requires many of the same sorts of research and expertise that 
all other instruction requires, 1 have suggested that we in the instructional 
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community can provide this expertise and (to the research hut that in manv oases 
it m^ns that we must be scholars with enough inte^itv to wholly master a basic 
understanding of current computer tc^chnolo^ and the issues that drive it. 



Todav, schools are often buying the wroni? stuff. Some will experience failure in 
the computer medium faster than we can explain why they have failed, and thev 
will tar us with a brush that a lot of untrained entreprenuers deserve instead. We 
cannot stop that completely. We can Proceed at a substantive level to seriously 
attack this domain and understand it. There's an economic basis in military and 
industrial training needs to support much of this work, even if we can^t eret enou^^ 
siKK)ort from our traditional sources. The (*itv is to undertake the effort 
responsibly. If good com outer-based instructional technioties are developed for 
training assemblvline workers, clerks, programmers, pilots, and cooks, society will 
see that the techniques are also used in schools. Our task, however we attack it, 
is to do our work with craftsmanship, integrity, and gm eve toward generality. 
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"ProgrammatiG R&D, Educational Technology, 
and Cooperative School Improvement" 



Richard E. Schutz 

SWRL Educational Research and Development 



An Introduetioii to 



"Pr(^ramfn«tic R&D, Edue^tional TeehnoloKy* 
mmS Coopentive School Improvement" 

Three seminar themes are hi^hli^ted in "Programmatic R&D, Educational 
Teehnolo^, and Coop«'ative School Improvement," bv Richard Schut^, executive 
director of SWRL Educational Research and Development, Los Alamitos, Calif, 

Through their programmatic r&d, the CEDaR-member institutic^s have developed 
the capabilitv to^ forwarding educational teehnolof^v and school improvement, if 
thev choose to take on these ta^s, according to Schutz, 

He suggests the CEDaR^member institutions combine their exoertise and explore 
the instrwtional applications of various kinds of technology. These, Schutz 
divides into three categories: low technology equipment, such as hand-held 
calculators; medium-technology equipment, including the microcomputer; and 
high-technology devices, such as communication satellites and cable television. 
T^ first category includes devices which are readily available and underutilized 
although thev have great promise as instructional tools. 

Schutz cautions, however, against the injudicious application of technological 
solutions to schools* instructional and administrative problems. These solutions 
may be expensive and constitute inaoproonate uses of the technological devices. 

Reinforcing comments raised in other seminar papers and bv participants, Schutz 
cautions that technological devices have no justification apart from the specific 
purposes thev serve, such as increasing students' learning and promoting school 
improvement. 
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PFO^mmatie R&D, Edyntioml Tedmriogy, 



Riehtrd E. Sdhntn 
SWRL EdnefttioMl R eoo a rdi and Developmrat 



My qualifications for ^eakin? to this topic derive from experiences as a 
^rticipant observer in the lon^tudinal ethno^aphic stiKiv called labs and 
centers. In thu? (»pacitv I have had an opoortunitv to interact with various 
asoects of educational technolo^ on a lon^term, sustained hasis. One of the 
features of a lon^*term ethnoi^raphic studv is a feeling of deja vu, in situations 
that to others are exciting first time experiences. General interest in educational 
techrK>lo?v goes and down like a roller coaster. The ride is now on the wav uo, 
and there are new oaseneers aboard the roller caster* So first, Fll describe the 
frustrations am! eelehraticms Involved in riding the roller coaster of educational 
teehnolo^ for at least one full ride. Second, V\\ enumerate some reasons why the 
present time appears propitious fc^ HEDaR institutions to become more stron^lv 
identified with educational technolo^ matters. Third, Fll sketch some images of 
tl^ kinds of contributions that CEDaR institutions are uniquely qualified to make 
relative to educational technolo^. 



Fve titled the fH-esentation '^Pro^mmatic R&D, Educatiwal Technolo^, and 
Co<^rative School Improvement" for two rwsons. First, this is a CEDaR 
semimr. CEDaR was established and functions to promote programmatic r&d: 
sequentially planned, sustained, and cumulative institutional-based r&d in 
education. The seminar is bein^ held sp^ificallv to forward the CEDaR 
Co^erative School Improvement program, a CEDaR initiative to ensure that the 
benefits of pro^mmatic rird iietially and really come to have an imp^tant 
impact school practice (Sdw^ider, 1979). Pm convinced that educational 
technoloi^y, programmatic r&d, and cooperative school improvement can and must 
interact svmbiotically and that CEDaR provides the structural mechanism for 
nurturing the symbiosis. So the first reai^n for the title relates to CEDaR. 
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The second feason relates to me. 1 ^«poen to have a real personal weakness for 
equipment. I excuse this pro-technolo^ bias as a part of mv American 
upbpin^n*^— society makes me * it. But few* whatever reason, I tilt toward bein^ a 
teehnologrv enthusiast, I like low-tech ^d?ets, intermediate-tech devices, high- 
tech systems, and all forms of equipment in between. To keep this built-in bias 
from running away, it helps to keep it in between the rock of programmatic ricd 
on one side and the hard place of coooerative school improvement on the other 
side. Considering educational technolo^ as a means rather than an end— a verb 
rather that a noun— is healthy for evervone. From at least the time of Thomas 
Kdison, each new eonfi^ration of information processint^ equipment has repeated 
the same education history. Still photography, motion pictures, radio, television, 
computers, and microelectronic equipment have all followed a common route. 
First, the equipment us hailed as having "vast potential" for education. The 
potential is so ^at that it will be a "teehnolo^cal revolution"— a new world of 
education is ri^t around the corner. The press, the public, and the education 
Drofe?^ion entNisiastieallv look forward to the better educational world that is 
just ahead. 

•\t the time the ^'technolo^cal revolution" is hailed (or re-hailed), it is recoeni7.ed 
that some minor work has yet to be done to harness the ootential of the equinment 
systems in education. That is, the equipment was not derived in an education 
environment. The ori^ns of the equipment are always in a business, industry, 
home appliance, military, and/or amusement context— never in education. 
However, doe-and-oonv demonstrations of the new equipment that look 
educational are easily contrived or imagined for initial marketing purposes. These 
demonstrations are enou^ for a sales force to be^n selling. Concurrently, the 
do^ and ponv confi^rations are enough to permit the equipment to be tested 
seriously in a few school locations. Since the I950*s, it has been the practice of 
the federal government to take the initiative in planning, fielding, and financing 
the early testing of new equipment in education. The current request for 
Droposals involving the videodisc illustrates the tradition: 

o The development of the videodisc and its potential for interactive 
iKC with the microcomputer presents a new technology with vast 
imolications for the improvement of teaching of basic skills at 
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the elementATv leveU 

o (The Department of Education) has acquired 4B videotaoes in 
mathematics and music. Other discs are anticipated in the area 
of reading. 

o ED anticipates awarding a 24-month contract for the coordination 
and evaluation of interactive videodisc and microcomouter 
technolotjv for teaching ba^c ^ills. 

The favorable publicitv that surrounds such testing aids sales* All participants in 
the test have stronsf motivation to make the demonstration look €food. No project 
officer or school superintendent can afford to admit to anv deficiencv— the 
reoerctissions tt^t would come from admitting to foisting a Ajmb idea off on kids 
afK! teachers are too severe to permit anything but good news to surface. To keeo 
up with this good r«ws, school people totallv removed from the "test" widelv 
report that they are "uring the techm>logv" in their local situation. Which school 
officials want to admit that they and their colleagues are professiwiallv and 
technologicallv backward, particularlv since the equipment at issue is galloping 
alcmg with clear benefits in non-education sectors. 

The demonstration test ends without fanfare. (Bv this time the attention of the 
"revolution" has moved to another new cc^figuration with "vast potential.") 
Schools proceed to integrate the equipment into their operations as feasible and 
reasonable, but this is not "news," The "news" at anv subsequent time deals not 
with the equipment svstem but with the failure of schools. Extra! Extra! 
Teachers and principals are resistant to change. Extra! Extra' Equipment with 
vast potential sits on the shelf much of the time. Extra* Extra! Schools are 
decades behind the technology of other sectors, due to the inexcusable 
deficiencies of school officials. In short, the school community is regularly abused 
bv a technological revolution tt^t is always about to happen but that never does 
l«ppen. 
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In anv sector of human life other than ertucation this series of events would he 
viewed as a hoax, !f such it is» certainlv the school community least (Reserves 
conciemnation for perpetrating the scam. However, so Ion? as the cvcle is 
reoeated^ the school communitv specificallv and educati(^ interests ^ener^llv will 
lose everv time, 

John Gardner has stated the Doint more N^adlv: 

'The roller coaster of aspiration and disillusir^ment is amusing to 
the extreme conservative who thoin^ht the aspirations were sillv in 
the first place. It ^ives satisfacticxi to the left-win^ nihilist, who 
thinks the whole system should he brought down. It is a gfolrt mine 
for mountebanks willing? to promise anything and exploit any 
emotion. Rut it is a devastatir^ whipsaw for serious and responsible 
leaders" ^o.4). 

Hardner wrote this in 1%8. In the subsequent years the extreme cons^vatives, 
the left-win«^ nihilists, and the unscrupulous mountebanks have all made notable 
advances in the ef^ucational technolo^ revolutiw. But these are the bad ^ivs in 
the educational technolo^ revolution, Fm with the eood ^ivs. 

Is there a better way for the ?rood ^uys? One would be hard pressed to find a 
worse way, but indeed there is a better way. It be^ns in programmatic r3rd and it 
l^ds to coooCTative school improvement. Just as some people are surprised to 
learn that thev speak orase, some CKDaR institutions mav be surprised to learn 
that they ar^ kev elements in the technolo^cal revolution in education. Yet our 
institutioa^ have been, are now, and I hope in X\w future will be, just that. 

This asnect of CEDaR has received little publicity* But educational technolo^ 
h«s been alive and well and living in lal^ and centers throughout our history* Not 
everv TKnaR institution has shared the concern to the same deeree— we minimize 
overlao and duolir-ation. And the emphasis in each of our institutions has shifted 
with the times— we keep at the forefront as it advances. This is not the place for 
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a iT^neral historv of t^e educational teehnolo^ efforts of CEOaR institutions. It 
will he sufficient for mv pupDOse to carve out a very narrow slice of that historv 
as retrospective for the prospective view of the seminar. 

^Ithouph it is common in education parlance to equate technolo^» with devices, 
this usa^e is a corruption that forwards the interests of the had t^iivs rather than 
the ^ood ^vs. Standard scholarship considers the term technolo^ as "a set of 
tec^ff1iques that will ^enerallv lead to a predictable outcome under soecified 
circumstances" (Nelson, Peck, and Kalachek, 19B7). These techniques will often 
include devices to good effect, hut the point is that devices have no justification 
apart from the specific purposes thev serve* Technolo(^ is not a device lookine 
for a justification. It serves us; not vice versa. 

O.K. Let's ?o back to 1%^. Then, as now, re^wal labs were to meet regional 
rSfd needs usin^ re0onal resources. A SWRL re^onal needs survev indicates a 
^ood match: teachers need accui^te infwmatifwi about the instriH?tic^al status of 
their students* Call it comouter-mana^ed instruction* It*s net clear to me 
wtether LRDC w SWRL should be credited for coining t^^ slogan, '^comouter- 
mana^ed instruction." I think we did, but Pd be Nipov to ^ive Pitt the credit. 
Either wav, it was a lab-center inventiwi that moved ^vond the computer- 
assisted instriK^tiw that relied on Skinner's "teachini? machine" lo^ic. 

SifH>lvin^ teachers with accurate information about the instrtK^tional stattis of 
their students was imbalanced. It left out school administrators* What do school 
administrators find most important? Their Nid^ets. Fine, What do thev need 
helo with? Budget planning. Great. We'll do that too— comwiter-assisted 
bud^etin^. (You ran thank SWRL for both inventing and killing that slogan.) So 
these two simple technolo^cal initiatives were mjt together to form one— of four- 
-SWRL pro-am priorities. 

Priorities are one thin^. Doin^ something about them is another thin^. Where to 
start? Then as now, the militarv was in the vanfruard of electronic information 



Drocesjdnfy. System Develooment noroorfttion, a re^onal resource, \e<^ the 
WRV in this advance* Snc will work with SWRL to adapt their technolo^ tar 
purposes of comoiiter-managed instriicticm and computer-assistrd hudeetin^* 
SWRL will then oroeeed to make the technolc^ available to schools f^enerallv, 
fif!^ within the SWRL reffion and then throu^ other laboratories in other resnons 
nationally. 

How do we make regular information available to teachers about the instructiwal 
status of their studente? Well, the comout^ can store and report this information 
without difficulty. The frick is how to ^t the source fteta into the computer. 
O.K., weMl put a teletvoe machine and an operator in a classroom in each of two 
schools. This will permit us to give a few teachers virtually immediate turn- 
around information and other teachers the same kind of information an over- 
night or weekly basis. We wQl m^k at a single ^ade txit in two subjects, math 
arvl readinir. 

What did we find out? Well, no matter how fast the turn-around, the '-eactic^ 
from the teachers was the same: "1 already knew that," Obs^vational data 
indicated t^t this was not reaUv the teachers didnU know, but that was 
irrelevant. The reaction to the information we were ^ivin^ them was much the 
same as that to the answers in a self-ir^tructional text. When you see the answer, 
thf're is a stron^r tendency to believe that you already knew the information 
irrespective of whether or not you actimllv did. 

We learned in about 15 davs what others have failed to learn in 15 years. The 
aspirati(xi of fc ^in^ the aim of computer-managed instruction to assist teachers 
is mis^iided. Teachers dc know how their students are doing; what thev lack is a 
mcHns of communicating their information to others in a credible and creditable 
form. We could help them do that (we and our comouters), but there was still the 
"simple'' matter of how to get the source data from the schools into the computer. 

Well, the teletype was a more comolex data entrv device than was required. A 
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simple scanner was aU we reallv neoded— something that would feed one sheet of 
8-1/2" X 11" paper through a device to be read wticallv and transferred by 
telephone to the eomoiiter. We desisrned the simple mar^hine, ml the soecs out to 
hid and found a qiffilified firm willing to build 30 of the machines at $500 each— 
$n,000; a Kaminal expenditure* We had the money in our budget, but the 
boilerplate orovisions of our contract required subccHitract approval from OK. 
Here we ifot a lesson in the ^ociolo^ and politics of educational technoloprv. In 
the course of obtainincr subor • -?t approval, a junior OE bureaucrat made a 
r>olicv decision for the federal government: Educational labs should not be 
involved with hardware— hardware is for ensfineers, not educators* Bv the time we 
^ot the subcontract untangled a vear later the price had ^oue from $500 to $750 
each, so the deal fell through. However, we had found another firm that was 
williniT to do the construction with their monev rather than ours. That was the 
sfofid news. The bL .iews was t^t this increased the price to $1,000 and took two 
vears. 

We got two or three devices that allowed us to pursue our investigation but quite 
naturallv, the firm that we were W'^king with al^ wante<^ a market— which we 
were in no position to deliver. Scanners weren't a bi^ seller in education at the 
time. So thev ptit ^ few more bells and whistles on their machine, turned it into a 
hard-wire rather tt^n telephone-remote device, and sold a number of the devices 
to a large Japanese industrial firm for $3,500 each. The price and function of the 
machine were both now out-of-range for us, and we had inadvertently helped 
American industry help Japanese industrv rather than providing anv imme^^iate 
help to American education. 

By thi5 time, we were up to 1972 and had established communication with the too 
manaeement of a lar^e firm in eonnecon with their publishing some of the 
instructional products 'Yml we had developed. From 1972-1975 this firm had a 
team of 5-10 engineers and sunoort staff working at SWRL and at other locations 
specificallv on our interpretation of computer- managed instruction $300-500K of 
ineir money anuallv. They found that their copier ?ould, with slight adaptation, 
h\so perform a scanning funeti<xi, but there remained the little pro»>lem of how to 
enter the coded identification of individual sttidents, teachers, schools, and 
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districts in machine-re«flRble form. That sounds simnle until vou trv to do it. We 
tried evervthtn<^ from credit card devices to drill Dresses and never reall^' worked 
out the prohlem between 1972 and . 975. Then the financial bottom fell out from 
under the firm in a downturn of their industry, and thev abruptlv— at least for us it 
was abrupt— abandoned the activity with us* 

In the interim, however, our Japanese-supplier firm had been overtaken and 
purchased by a firm called National Comotiter Systems. NCS equipment in the 
lato 19'^'^s became* the standard in the kind of scanning we were interested in. 
HC'> installed their equipment widely enou^ around the country so that source 
data entry was no longer a technical obstacle- 
Rack at the SWRL ranch, while all of this device~centere<^ activity was ^oini^ on 
wo had concurrently been wt^kins^ steadily over the vears on the form and 
substance of information that teachers, students, parents, principals, and district 
administrators would all find useable and useful . That al^ sounds ^sy until vou 
try to do it. Because t^ story is a ^ood deal more complicated than the 
equipment story, I w<^*t even ?et into it here beyond saving that we did it. 

Fifteen years from the time we started we had the technolo^ well in hand to 
provide credible and ci^ditable information about the instructicmal 
accomplishments of students and schools. When you ^et the technology worked 
out, it'^ .mple and cheap— from $.50 to $2 per stiKlent year from economy to 
deluxe. Both the computer and management receded to the back^^round as the 
technolo^ evolved. But without the confi^ration known as the computer and the 
construct know a^ management, the technology would not have been realized. 

The rKf)aR roonerative School Improvement Drogram is currently implementing 
the technolog\' Tve described in several locations; including all elementary 
'^tiK^'^nt^ in two great-urban-citv school districts. The technological 
accomnli^hment is not simolv an RcVD stunt. It provides the professional 
foundation for making quality education in American elementary schools an 
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operational realitv rather than a rhetorical aspiration. The sloe^an ''comrHJter- 
managed instruction" was lost in the process. (It was succeeded bv the descriptor 
"instriK?ttonal accomplishment information", IAD. But the point was alwavs to 
promote education, not a slogan. 

What happened to computer-assisted bud^etiner? It was a ^ood slogan, but it was a 
bad idea, and we aborted it as quicklv as we oo\ild do so without embarrassment. 
It took us onlv a couole of vears to learn that although school districts e^ive a ^ood 
deal of prominence to their budget, school superinten^^ents can, if necessarv, keep 
track of their budget on the back of an envelope. The budget is iust as important 
to the chief executive officers of a school district as the bud^^et is to the chief 
executive officers of a corporation; and the dollars involved are often ,Jst as 
larEfe— $1.8 billion for a district like Los Angeles. But in anv school district, lar^e 
or small, the budget is a forum for the resolution of political and social matters 
that are far removed from comP^jter assistance. The complications are political 
and social not fnancial. We learned a lot about the enterprise of schooling and 
about how r<?fd can assist and abuse school administrators. But we fotmd that 
computer-a^isted bud^etinR was an expend? :4e technolo^ despite its initial 
promise. 

Misanthropes, mountebanks, and nihilists will find it easv to dismiss these 
experiences with the comoutef in instruction and administration. Efforts to 
diminish, victimiy.e, and destrov public education move alon^ with or without 
technolopTV. But the concern of the opponents of public education is not school 
improvement. Ours is, 

1 can generalize the conclusions that are supported bv the particulars Tve been 
describing bv referring to a book that was important in halting the excesses of 
enthusiasm for computers that built up in the 1960's (Oettinger, 1969). This book 
derived from the Harvard Program on Technology and Societv, a multi-disciplinarv 
effort conducted from 1964-1969 under a large grant from IBM. The publications 
associated with this effort are all well worth reading. Tliev give credence tv^ mv 
rule of thumb: Never trust writing on educational technology under ten vears 



ERiC 



49 



old, Much of Oettin«?er*s Dersoective was then anfl is now faulty, huX some parts 
were then and are now alto^rether sound. 



In the final chanter Oettinf^er asks the question, "How are tho necessary resources 
to be allocated for economically efficient pro<rress'' in education*^ His answer is in 
five points: 
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1, If we want efficiency, we must support promising ideas lone^er 
than either private or government programs now permit. 

Developing new processes and devices from prototype to 
production model is both time-consuming and riskv, 

2, If we want efficiency, we must support risk-taking and cushion 
faihire: 

The road to wisdom?— Well, it's plain and simple to express: 
F.rr 

and err 
and prr again 
but less 
and less 
and less, 

3, If wo want efficiency, then risks, resources, and 
responsibilities, the 3 R's of educational technology, must be 
shared bv all partners in the educational enterorise. 

We have seen how hopeless advance by one partner is without 
advance bv others, 

4, If we want efficiency, we must chart our course by human 
judgment, not exclusively bv formula. 

Forcing ^cir^ntific technique bevond its limits is scientism, not 
science; obscurantism, not rationality. 
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5. If we want efficiency, we must follow in cteoth with a small 
number of diverse alternatives. 

The present shot^in approach has been exhausted; it has few 
achievements to its credit. 

Those five points are a ?ood part of the foundational principles of Programmatic 
r&d. Oettin^er didn't reallv follow his own counsel, and it was ^enerallv ignored 
bv others. However, it was then and is now sound counsel. 

So much for the past. Let's move on to the present. What is there about the 
present situation to make this a propitious time for HEDaR to ^ve jester 
concern to matters of educational technolo^^ Most people would sav that it's the 
present state of the art of information oroce^sin^ equipment, I believe this is a 
verv faultv perspective. With a few notable exceptions which I'll ^et to later, 
none of the present equipment svstems has any merits that are not now beine 
well^xploited bv schools. Additional CEDaR effort to promote the purchase of 
this equipment now or in the immediate future would be doin^ schools a disservice 
rather than assisting them. Throwing devices at schools is no more justified than 
throwing dollars or scholars at them. Devices, like dollars and scholars, have a 
nece55sarv and justifiable role in education; but as means rather than ends for 
education improvement. 

The advocacv of an educational technolo^ initiative at this time can reasonably 
relv on svstematic conditions now prevailing in the educational svstem, in the 
general public mood, and in CEDaR insitutions. Let's briefly consider each of 
these conditions, 

Tom Green (1980) has ^ven us the information necessary to counter those vho 
contend that the educational system is either an unfounded fiction or an 
unfathomable endeavor— anvthini; but a Predictable phenomenon, Greenes book 
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warrants more attention than I can e^ve it here. Flowever, a point that Hreen 
makes in passing is hi^hlv germane to our seminar. Hreen notes that the motives 
or incentives relate<^ to teohnolo^ operate differentlv m e<i\ication than in other 
sectors. The er^ucation svstem is not the industrial svstem. Efforts to treat the 
education svstem as if it were an industrial svstem are oooular, but thev have no 
more chance of success than the less ooDular efforts to treat industrv as if it were 
edijcation. 



In education, as in industrv, 'growth and success are kev considerations. However, 
m the education svstem, there are several routes to growth and success. The 
increase m efficiencv associated with technolo^^ does not have the dominance it 
enjovs m the industrial svstem. Green identifies several other modes of growth of 
the educational svstem (p. 10). 



1. Increasing the ^Trades in the svstem or the number of students 
in t^ie grades (e.^., "Education for Ml American Youth"). 

2. Increasing the rate of attendance and survival fe.^., reducing 
the "droupout oroblem"). 

3. Adding levels at the top or bottom fe.^., preschool, life-Ion^ 
leami n^). 

4. Horizontal expansion hv pickin<^ up new functions (e.g., school 
lunH} oroftram, guidance and counseline* career education). 

Differentiation of programs or institutions (e.g., 
individualization, inagnet schools, aptitude-treatment 
interaction). 
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n. p:xtendin^ the school vear or school dav fe.^., vear-round 
schools, dav care programs). 

7. Inereasing staff independentlv of anvthing else (e.g., reduction 
of rlas^ size). 
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Where does technoloep/ come in? A poor 8th. Attempting to do more in the '^ame 
time or the ^ame in less time is feasible in the ed\ication svstem onlv under 
special Circumstances— onlv when things are not ^oing well— meaning that none of 
the other svstems' success modes are working. 

Under conditions of increasing financial resources, aU of the other seven modes of 
growth are more attractive than technology. B\it we are no longer in an era of 
increasing resources; we're in an era of limits. In an era of limits, when faced 
with static or declining resources, then and onlv then will the education svstem 
"rank an increase in efficiency as more desirable than a decrease m 
differentiation. That is to sav, instead of reducing the number of its programs bv 
consolidation, the svstem will seek to maintain them with diminished resources*^ 
(p.lTK 

^t present time, conditions internal as well as external to the education svstem 
provide a favorable climate of incentives for dealing with matters of educational 
technology. Motivation alone is not enough* But if the choice is incentive*^ or 
non-incentives, choose incentives. 

Green makes another important Doint. If there is to be a continuing general 
societal market for any technology, that technology must be used. If its use 
requires the exercise of new and soecialized skills, then these skills will have to be 
acquired and widely shared within the poDulation or there will be no market for 
the technology. (In a society where people lack the skill for reading time, there i<^ 
unlikely to be a large market for clocks and watches.) 

The historv of everv new technology victorious in the market is the 
historv of the downward drift in the social acquisition of its 
principles and the skills of its aoplications. The first computer 
programmers were the inventors and creators of the hardware. Thev 
were persons highly trained in mathematics and engineering. The 
next generation of programmers were doubtless possessed of training 
almost as advanced. But surely, the third generation were taught 
the art of programming without either prior training in advanced 

ERIC 6Vi 



53 



mathematics or en^neerin^ or in proerams of the system (iesicrnerl 
to produce pro^ammine skills. They were trained either bv the 
agencies who marketed the hardware or bv those who wished to use 
it, Thev could not have been trained by the system because in the 
be^nnincT of any new technolo^, there never are such programs in 
the system. But as the principles of the technolofirv become better 
and more widely understood and as the required skills become more 
clearly identified, programs will develop first at the advanced levels 
of college and then will extend into the secondary and even 
elementary schools. In 1840 there was only one textbook in calculus 
available in the United States, and it was used at advanced crraduate 
levels of the system. Now there are 150, and the topic is taue^ht in 
many high schools. 

In short, if X is a technical capacity desired for the technological 
market, then that capacity will be sought first at a relatively high 
level of the system and then at succesively lower levels. The path in 
the social acquisition of such technical skills is downward, and 
moreover, it is downward, eventually, within the system. Their 
social acquisition does not require the existence of the educational 
system. There are methods of accomplishing the same result bv 
extending indenture, apprenticeship, or home study* But if the 
system is available, it will be used. And it is likely to be used, 
beca\ise it is the most efficient solution to the problem of creating 
and sustaining the market foe any technology (d.56-57\ 



Turning to conditions aoart from the ed\ication system, it is easv to interpret the 
Dresent onblic mood as '*anti-education,*' the fact that acknowledgement of the 
era of limits hit the federal government like a ton of bricks is not making: life 
simple for anyone in education these davs. But that^s a description, not a 
complaint. Educational technology is more appealing in an era of limits than in an 
era of growth. Soundly justified r<?cd is a tried-and true route to increasing 
productivity, eliminating waste, inefficiency, and for accomplishing other aims 
which the present Administration has a strong mandate from the American otiblic 
to make hapoen. 



Turning to rEPaR institutions, we now have resident within our institutions the 
core capability necessary to justify a technological initiative in education. Kev to 
this capability is our expertise in such matters as program implementation, the 
dynamics of schooling— instructionallv and administratively— and our working 
understanding of the economics, politics, sociology, and psychology of the 
education system. It is ignorance and incapacity in these areas that has thwarted 
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educational technologfv initiatives in the past* Certainly, we don't know all that 
we need to know, we donH know how to do all that we'd like to do, and we would 
never contend that we could Of should even trv to carry off any endeavor— 
technolo^cal or otherwise— single handedly. However, the public investment in 
CEDaR institutions over the years has now created a resource of unrivaled 
expertise for forwarding educational technoloefy, '^he resource is impressive and 
it would he foolish for us— of all people— to ignore it. 

What sorts of thin^ can we do*^ That will take a ^ood deal more deliberation 
amon^ all of us and that's why we're here, I know CEDaR well enough to 
recoenizc that anything that anv of us su^ests is catec^oncallv rejected bv most 
of the rest oi the ^roup as the initial response, Sortine o\it the cans-can'ts, tis- 
taints, and shoulds-shouldn'ts takes some work. But in that snirit let me surest a 
few leads associated with low-tech, intermediate^tech, and hi^h-tech equipment 
systems. 

Low-tech equipment is ^ven very little attention by ed tech revolutionaries, b\jt 
it seems to me that these equipment systems have the best immediate potential 
for schools. Of the equipment systems that happen to be underutilized in school 
instruction at the present time, the hand-held calculator has to head the list. 
Hand-held calculators are now so cheap that cost is almost inconsequential. As an 
instructional aide for quantitative problem solving, one could ask for no better. 
Calculator-based instruction is less sclamorous than computer-based instruction, 
but it's a £Cood deal more feasible. 

If the calculator is too modest a device base, then let's open it uo further to the 
full alpha-numeric keyboard. Here, we would have to hane on more electronics 
than can be held in one hand, but not a lot more, if it were done thoughtfully. And 
that would open up the endeavor to verbal as well as quantitative problem solving. 

Complementing our low-tech equipment for alpha-numeric information nrocessintt 
is the cassette recorder. This opens up lan^uaee and other forms of audio storage 
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and retrievftL 

With this cheap set of equipment there is verv little m instruction that can he 
fione hetter bv a hi^hpr-terh eauinment svstem. Moreover, the confi^ration 
t^ives us a solid base for teaching about technolo^ as well as about science in our 
schools. If we think science teaching is weak, we know that technolocrv teaching 
is virtually non-existent in our schools outside of collec^e- level schools of 
en^neerin^. One could make a good argument that leaminsr technologv is more 
important for elementary and secondary students todav than learning science, but 
there is no reason whv we can^t teach both technology and science. 

At an inter mediate-tech equipment level, the videotape recorder and the 
microcomouter certainly warrant attention. It will take a few years for the cost 
of this equipmt^t to come down to the level of school feasibility. However, that 
will happen as fast as our programmatic r&d to justify the equipment for school 
improvement purposes can expect to progress. 

\t a high-tech equipment level, I can't get particularly excited. Communication 
satellites, cable TV, and large-scale-high-sDeed procesors are glamorous, but they 
have real deficiencies in educa* '>n. The liabilities relate to matters of 
scheduling, stiKlent interacts i flexibility, and over-powering equipment capacity 
of the functions provided c's the "big stuff" that excites engineers and the 
press* And it mav be that someone else can set forth a more attractive argument 
for the potential of the hi^h-tech equipment than I can. If so. Til hapoilv join the 
justification. Until then, IMl continue to hold that the emphasis on high- 
technolo^ in education is misolaced. 

Finally, a fourth lead warrants consideration. Irrespective of what CEDaR does in 
the area of educational technology, the misanthropes, mountebanks, and nihilists 
ran be counted upon to remain active in the area. The school community is not 
currontlv well equipped to deal with these bad guys. Coping responsibly with this 
situation requires a resource more substantial than a clearinghouse function. It 
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requires the kind of overall coordination of expertise that the CEDaR Central 
Office does so verv well to provide a trusted communication mechanism that 
other parts of the education communitv can draw upon. Providing^ this service 
would be a worthv contribution. 

There mav well he other leads that are more attractive than these. The ootentials 
Tve set forth are ideas at this point and ideas are cheap. I believe thev support 
the conjecture that future attention to educational technoloerv will benefit 
f'HDaR^s commitment to pro<3frammatic r4cd and school imnrovement, b\it I don^t 
place much more stock in them than that. 

There is no question that the endeavors of p.'O^rammatic R^VD and school 
improvement can proceed successful without increased attention to educational 
technolo^. Neither is there anv question that the oromotion of educational 
technolo^ will proceed with or without nEHaR. \ believe the behavior of the bad 
g^uvs is predictable— thevMl continue to do what thev've been doin^. The hrifiht 
promise is with the ^ood ^ivs. Fm with them. 
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An Introduetiofi to 
Multiple Visioiis for S<!liooI Use of Teehnolo^ 



A Dane) of experts in technolo^ and instruction shared with seminar participants 
their reactions to manv of the issues discussed in the papers contained in this 
volume and raised durinsr the course of the meeting. The panel's comments and 
suggestions are hi^hlii^hted in this section of the volume, Multiple Visions for 
School Use of Technolo^. 



All the panel members commented on the educatiOT community's ability to design 
effective technolo^-based learning environments, although their assessment of 
that capability differed. All made recommendations concerning an appropriate 
role for educational research and development in the technolo^ movement. They 
made specific recommendations about technolo^-related research issues as well 
as practical su^estions about the services r<Vd organisations can provide to 
schools immediately. 



panel members were Dexter Fletcher from the Army Research Institute; 
Joseph Lipson of the National Science Foundation: and Robert Seidcl of HUMRRO, 
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Multiole Visions for S^ioo' Use of TeehnoloKy 



Joseah LiDSon, National Science Foundation 

♦>oseph LiD«:on, specml assistant to the assistant director of the National Science 
Found/ition's Science and Education Division, touched on the followinfr areas in .^is 
remar ks: effective learninic environments usin^ computers; school or^ani7.8tion 
an«^ technolocrv; technolo^'s future; and technolo^ resources. 

Effective Letfnim; Efivimnments Vmnf^ Computers: 

o We should not desist comrxiter-bas*^'^ learning environments that do not 
allow for human interaction, except as a frrm of homework. That is, 
there is a kind of f^mework thi^t can he Hone on comf>uters. Fxceot for 
that application, we should be thinking of usin^ the stimulus of the 
display screen, eomD*iter, and vi'^eodisc as a stimulus for human 
conversation. 

o We need a ^at deal more attentiw to t^ emotional factors that 
attend learning, whether we have comcHiters or not. 

o We need to pav mc»*e attention to how we can present knowledge so that 
it can be grasped bv a student who doesn^t already know it. 

o We need to pav attention to v hat we ask the student to fk>. We have 
often seemed to have the idea that the mere presentation of information 
was educational, an incorrect assumption. 

o We need a ^reat deal more attention to the social factors of the learninft 
sittiAtion because the simple arj^ment is that a lot of what we do is 
determined by our perceotion of what other oeonle exPect of tis. This 
network of social interaction is important in determining studenls' 
behavio*. 
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Setiool Orfrantsation and Teetviolo^ 

o Schools are stable, lon^-!ived organisational svstems that were desienefl 
for the teehnolo^ of the olassroom, the textbook, the homework 
assignment, and the blackboarfi. 

o Bec*a\ise they're stable, heeaiise thev were designed for an alternative 
teohnoloev, the existing technolo^, anv ^eoarture from equilibrium 
tends to eenerate forees to brin?' it back to equilibrium. So it is not 
surnrisint^ that it is difficult to introduce a new technolo^. Rverv 
organization that survives, evolves a sv<?tem for heloin^ people be 
productive with its dominant technolo^ an^ schools do that. The 
organizational structure helps teachers to be productive with the 
classroom, the textbook, etc. Now, if we want people to be productive 
with this new technolo^, which is quite different, we^d better ^ive a bit 
of t^K)ll^ht to chan^ng the organizational structure to helo them to do 
that. 



TeHwiologys Future 

o Technolo^ will first penetrate the militarv and industrv because thev 
hRve such n tremendous economic incentive for cost effectiveness in 
trfiinine* Then technolo^ will enter the "how-to" market— how to care 
for vour babv, how to repair electricsl wiring. Finallv, it will beein to 
be put to the service ot the handicapped and the affluent will tend to 
acquire these devices for their children. 

n There is a social indicator, a distant earlv warning, that affluent well- 
educated parents mav PuU their children out of school and educate them 
at home or send them to private school. The technolo^ * jr\\v 
accelerate this. 

o In the past, schools have tended to relv on words and symbols because 
thev were cheap and powerful. When we finally ha^^ to teach people 
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prooedurfti knowle<^cre_i<nowin^ how versus knowing what—we tended to 
take students out of the formal classroom an«^ put them either in the 
lahoratorv, the apprentieeship svstem, or the field. These are what I 
call "hi^h information" environments as ooooser^ to the low information 
environment of the textbook. The oromise is that with the computer anr^ 
vif^eodisc, we can heein to out procedural knowledge into the formal 
curriculum. 

0 Voice recognition. Well have voice recocrnition sooner than we think. 
1 985 is the date Fve heen readinc^. 

o One of the questions we have to face is whether ^ve will evolve into a 
Vmd of svmhiotic relationship with computers or whether wo will 
become the pets of computers. 



Tectaiolo^ Resources 



o ''Acceleration of Evolution*^ by John Black, in ^he Futurist , February 
1 981, su^e^ts that the impact of technolo^v is ^oin^ to accelerate at 
such a rate that it's almost impossible to predict what the future will be 
like. 

^ Todav and Tomorrow in America bv Vlartin Vfavcr; 

o "What Makes Comrxiter Games Fun, What Makes Things Interesting'', by 
Tom Malone, Xerox Palo Mto Research renter; 

o Hearings from the House Subcommittee on Science, Research and 
TechnolofTv; and 

o The Micromillenium by Thristopher Evans. 



Multiple Visions for School Use of Technology 



f>exter Fletcher, ^^^nv Research Instittite 

In his remarks, Dexter Fletcher, coorf^inator of Tri-Service Training: Development 
rtt the Armv Research Instittite, foctiser^ on: Parallels between military anr* school 
use of technoloETv^; technolof^v research an<i development; an<i learnincr 
environments and technolo^. 

Parallels Between Military and School Use of Technolofrv 

o In the militarv voti find a c^reat deal of interest in technolo^ at 
the level of the chief of naval operations or the chief of staff of 
the armv. At this level technolo^ is conceived of as one wav to 
reduce the cost of what in fiscal vear 1982 will be a $10 billion 
investment in special schooling^, However, if you lower in the 
ranks, voti find there are no incentives for the local commander 
to tise technolo^. He is there to make himself and his command 
look ^ood. He's not t^o\m to introduce any innovations that mav 
fail. In the services, then, there are incentive oroblems in 
introdiioin^: technolo«rv just as there are in public schools. 

o Kducators Doint to declining SAT scores over the last few vears 
hut this decline has occurred when the oroportion of the e^ross 
national product directed to education has doubled. That 
investment has been in traditional technoloev— lectures, standard 
school room practices. It mav be that we have reached the limits 
of the technoloev we ctirrentiv have. If we*re ^oin?^ to increase 
schools' oroductivttv, then oerhaps we should make an attemnt to 
make use of the new technolo^, 

o Neither the services nor public eduf'ation hns been verv ?rood at 
-elline technolorv. We don't talk to oeople who are concerned 
about national orioraies. Thev are peoole who have a lot of other 
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concerns about what weVe floinp in education. There's a need to 
address the benefits of the investment in r&d and in terhnolo^ in 
terms thev want to hear. 

Teetnology Research and Development 

o There is nothing inherent in the device or technolo^, suph as the 
videodisc, microprocessor, touch tone phone, or book, that brin^ 
about a revolution. It is, instead, the device's functionalitv—how 
vou use it. Videodisc, for example, in itself is not verv 
interestiner. When vou use it for somethin^y like surrogate travel 
or interactive movies, it becomes verv interesting. 

o Simolv lookincr at the world and seeing? microcomputers, and 
predicting a revolution is not sufficient. We in educational 
research and development need to emolov the new technoloerv and 
be^n to work on its functionalitv but that functionalitv will not 
flow bv anv f*asv or immediatelv obvious means. 

o The hi^h verbal aNlitv of peoole in education has lon^ been noted 
as well as their low quantitiative abilitv. If we are to i»se the new 
technolc^, that's e^ot to change. 

Effective Learning Environments Usinj? Tectmologv 

o W^e need to escape from the passive information technoloev 
metaphor— the pa???ive business information metaphor— as a 
metaphor for instruction. In fact, that's not what hanoens in 
instruction nor is it what occurs in communication. We tend to 
pass hi^hlv selective cues. These are matched bv an one^oin^ 
sensor V simulation bv the receiver. It's a verv active process as is 
learning^. What that savs is that we can't just take information 
and pass it out to students through channels. We nee*^ to create 
an environment in which thev learn. 
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o Technolo^ can provirie a leaminer environment rather than 
merelv orovirlin? information. A simulated real world 
environment is one example of what technolocfv ean provide. 

o As educational researchers and developers, we need to be able to 
sustain r(5fH efforts aimed at ^esierninET technolocn/-hased learning: 
environments over a lone: period of time. We need to have the 
free^^om to tinker, experiment. I don't know where we're s^oine to 
find those environments, hut Td make a prediction that thevVe 
probably eroin^ to come from private education. Unless public 
education catches up the real payoff for technoloen/ will be in 
private educa jon. 
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Multiple Visions for School Use of Teehnolo^ 

Robert Seidel, HUMRRO 

In his comments, Robert Seidel, vice president and director of HUMRRO's 
Eastern Division, hi^^-.ijTtit€*d the followincr areas: r>5cd supnort for schools' 
technology needs; and school structure and technoloev. 

RAD Support for Schools* Tectanolo^ Needs 

o One of the most important services the rVd communitv cnn 
provide is to help teachers learn how to use computers, learn 
what they're all about, what computers mean to them, their 
students, their administrators, and how thev mi^ht implement 
them in their classrooms. In other words, provide an awareness 
program to build teacher literacy at the preservice and inservice 
levels. 

o The importance of this kind of assistance is illustrated bv a drill 
and practice program in New York ^ itv was hi^hlv successful 
Murine the first vear. In the second vear, everthin^ stopped* One 
of the real problems was that there was no preparation or 
continuitv of tht. roles in which teachers and administrators 
interacted with the computers. 

o The key to working with schools as thev implement technolo^ is 
strong preparation backed up bv an appropriate Nireaucracv. We 
were recently involved in a project with four schools— three 
public and one private. Two were inner citv public s *^do1s; one 
was a middle class public school; and the private school drew 
students from all over the city. During the course of the project 
we provided training for the teachers and orientation for the 
principals and the students. We followed an entire program to 
develop a strong, implementing environment, A vear after the 
project was over (HUMRRO plaved a turnkey, management role), 
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we chGoke<^ back. The Dnvate school was sellin^^ time on the time 
sharing svstem. Thev were increasin?r the number of students and 
the number of subiects on the computer. In one of the pubhc 
schools thev were tvin^ to scrape tofjether enough monev to pav 
the maintenance for the eauioment. 

o The point is, it takes strong preparation and it takes an 

appropriate bureaucracy for technolo^ to work in a school. An 
appropriate b«ireaucracv is almost like aopropriate technoloev. 
Small is beautiful. 

Sctiool Structure and Technolo^ 

o In addition to helping school people implement technolo^, we 
need to create a social support svstem for technolo^. For that 
we need a lean bureaucracv or we're not ^oin^ to have technologv 
in public education and, quite possiblv, we're not ^oing^ to have 
Dublic education either. 

o We ciirrentlv liave a ^roup model of instruction in Public schools 
that's labor intensive. There are a specified number of davs of 
instruction and ^ades and ^rade levels. If vou look at the use of 
comp*jten7.ed hi^h-technolo^, vou've ^ot a model of instruction 
that^s comoetencv-ba.sed. The a'^ministration is functionallv 
related to management and it is capital rather than labor 
intensive. To me this reinforces what Joe Lipson said earlier, 
vou're t^oin^x to have home and private school use of computers 
and Dublic schools mav suffer irreparable damaj^e, 

o H'e can desien effective learning environments now. Mavbe thev 
won't be totallv computerized. But it nevertheless is the case 
where vou have clear instances of effective learnint^ 
environments that utili/.e technolo<^. 
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